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PREFACE 

TO 

THE THIRD EDITION 


This edition is practically the same as the last one The 
only change I have made is to use a smaller type for 
the less important matter, particularly the details of the 
classification of the different forms of the parts of the 
fiower and fruit 

J REYNOLDS GREEN. 


Cambridge January 1904 



PREFACE 

TO 

THE SECOND EDITION 


In preparing this edition for the press but few changes 
have been made. The chapters on morphology have been 
revised and in some parts compressed. The section on the 
inflorescence has been rewritten and that on the sexual 
repioductive organs has been rearranged in view of two 
years' experience in teaching my classes at Bloomsbury 
Square, since the adoption of this manual as the text- 
book there. 

Book II. remains practically the same as in the first 
edition. 

J. EEYNOLDS GREEN. 

Cambhidoe Ma/y 1897 



PBEFACE 


TO 

THE FIRST EDITION 


This Manual is intended to take the place of the ‘ Manual 
of Botany ’ written by the late Pkopessor Bentley In- 
deed, it was originally contemplated that it should appear 
as the sixth edition of that work. The chapters on Mor- 
phology have been altered only so far as has been necessary 
in order to incorporate in them the modifications of the older 
views, which are based upon lecent scientific investigations. 

While the preparation of this section was in progress 
the death of Professor Bentley led to considerable 
altera tic ns in the mode of treatment of the remainder of 
the book. The subject of the anatomy of plants has been 
separated from that of morphology and made a sepaiate 
section. This has been almost entirely rewritten and 
enlarged, and numerous figures have been added. Many 
of these are original ; others have been borrowed from the 
writings of contemporary authors. 

The old volume being rather too bulky for convement 
handling, it has been considered desirable that the present 
edition shall consist of two parts In the first of these 
the subjects of morphology and anatomy of vegetative parts 
are dealt with , the second will treat of classifieafeon and 
vegetable physiology. 

• J. REYNOLDS GREEN. 

London June 1895 . 
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MANUAL OF BOTANY 


GENERAL INTRODUCTION 

The science of Dotany is concerned as fully as possible with 
eveiythmg that has lelticiice to plants, eithei in a living or in a 
fossil state It investigates then natuic, then internal structuie, 
then outward forms, the laws by which they aie enabled to 
glow and piopagatc themsehes, and then lelations to one 
anothei, and to the other bodies by which they aie suirounded. 
As a science, theieloie, it is ol ’vast extent, and one which requires 
for its successful prosecution the most careful and systematic 
study. We may look upon it as including &e\eial depaitm&ts, 
which can be examined sepaiately. It is very impoitant to 
bear in mind that the objects of oui study eithei are oi have 
been living organisms, and to keep this fact prommently befoie 
us, whatever aspect of the plant may be temporarily occupy- 
ing our thoughts Reainig it in mind, we ma> regaid especially 
tliQ pecuhaiities of outward foim which plants piesent , some of 
extieinc simplicity and of micioscopic dimensions, globulai oi 
cylindrical m shape, and consisting of only a single vegetable 
cell, with no dillercntiation of parts, others strings of cells, 
others Hat plates, otheis of considerable substance, showing 
various parts, each with its own individuality. Such a section 
of the study is known as Morphology. We may again study 
the organism from the point of view of its internal structuie, 
without refeience to its foim. We deal m this connection with 
stiuctural units of plants, the vegetable cell as an individual, 
and the combinations of cells to form the filaments, plates, or 
, masses of which the plant consists , tracing the various modifi- 
cations of cell structure, the alterations in their fonns, and the 
ways in which they are arrai^ed together in the various parts 
VOL. I. " B 
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In preparing this edition for the press but few changes 
have been made. The chapters on morphology have been 
revised and in some parts compressed. The section on the 
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the death of Professor Bentley led to considerable 
alterations in the mode of treatment of the remainder of 
the book. The subject of the anatomy of plants has been 
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GENERAL INTRODUCTION 

The science of Botciny is coiiceinetl as fully as possible with 
eveiything that has leleieiite to plants, eithei m a living or in a 
fossil state It im cstigates then natiuc, then internal structuie, 
then outward forms, the laws by which they aie enabled to 
glow and propagate themselves, and their relations to one 
another, and to the other bodies by which they are sm rounded. 
As a science, therefore, it is of \ ast extent, and one which requires 
for its buccesslul prosecution the most careful and systematic 
study. We may look upon it as including several departments, 
which can be examined separately. It is very important to 
bear in mind that the objects of our study either are or have 
been living organisms, and to keep this fact prommently before 
us, whatever aspect of the plant may be temporarily occupy- 
ing our thoughts licdriiig it m mind, we may regard especially 
the peculiarities of outward form which plants present , some of 
extreme simplicity and of microscopic dimensions, globular or 
cylindrical in shape, and consisting of only a single vegetable 
cell, with no dillerentiation of parts, others strings of cells, 
others flat plates, others of considerable substance, showing 
various parts, each with its own individuality. Such a section 
of the study is known as Morphology We may again study 
the organism from the point of view of its internal structure, 
without reference to its form. We deal in this connection with 
structural units of plants , the vegetable cell as an individual, 
and the combinations of cells to form the filaments, plates, or 
masses of which the plant consists , tracing the various modifi- 
cations of cell structure, the alterations in their forms, and the 
ways in which they are arranged together in the various parts 
VOL. I. " B 
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of the organism this forms the clepaitment of Vegetable 
Anatomy or Histology Again, we may try to lealise more 
clearly the life of the plant, and study the way in which it 
carries out its vaiioiis vital processes, and leacts to its environ- 
ment This section is known as Vegetable Physiologv An- 
other department is Taxonomy, which consideis plants m their 
relationship to each other, and includes a knowledge of the 
principles upon which they may be classified This is geneially 
known as Systematic Botany Geographical Botany, again, 
deals with the distiibution of plants o\ei the surface of the 
earth at the present time, and investigates the causes of such 
distribution Palicophvtogiaph}, or Fossil Botaii}, consideis 
the nature and distiibution of plants through the past ages of 
the earth’s existence, and describes the stiucture ot those found 
in a fossil state in the different strata of which the eaitli is com 
posed. The first lour departments only aie those that come 
within the scope of the present vvoik , the latter two being of 
too special and extensive a natuie to be treated of in this 
Manual There aie also several sections of what ma\ be called 
Applied Botany, which aie founded on a knowledge ol tlio 
above departments, such as Desciiptive Botany, Vegetable 
Mateiia Medica, Agricultural, Hoiticultuial, and Ktonomic 
Botany, but to these special works aic conimonl;v devoted 

In studying the subject the i elationships between these 
different sections must be boine m maid The student will soon 
understand that all questions of ioim and structure must be 
examined from the point of view of function, and will learn that 
all differentiation ot the plant body has been determined by 
division of labour, oi allocation of particulai function to par- 
ticular paits 

If we consider the case of an oidmaiy ticc, we hnd it incapable 
of locomotion and faxed in some particular spot of caith In 
such a situation it has to mamtam its position and take even > 
thmg necessary for its nutution fiom either the soil oi the air 
which surround its different parts The gi eater the amount of 
both with which it comes into relationship, the easiei it will be 
for it to secure these ends Hence the advantage of its great 
subdivision of both underground and sub-aerial parts Similar 
considerations thiow a great light upon the details of its super- 
ficial and internal stiucture 
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MOBPHOLOGICAL BOTANY 


CHAPTEK I 

GENERAL MORPHOLOGY Oi IHE PLANT 

The bunplebt plaiitb, such as tho Ked Snow {Frotooocciw)^ or 
PleuroLotcus^ conbibt of a single piece of living bubstance, or 
as it lb teiined, wliith m loini ib inoie or less spherical or 
oval New plants arc formed by tho dnibion of this cell into 
two, soinctiines of equal, sometimes of unequal dimeribions In 
Proiococmn the cells sepaiatc almost as soon asloimed, while m 
Pleu^otoctUb they lemain bound together for a longei oi shoitci 


1 10 1 Piu 2 



tuf 1 I’ltm ocimns vuhjai t'i cells tlivuluiK ( X OUO) 
I Kf 2 I’ortiou of a ftlamoat of Osaltat la { x 760) 


period b> an en\iioning capsule ot gelatinous mattei, the lesult 
of cl modification of a limiting membrane oi cell- wall. In plants 
a little more complex m structure we find the cells still all alike, 
but instead of being separated and each becoming a distinct plant, 
or forming a small colony of cells, they are joined end to end and 
form a many-celled filament which is eithei straight or vari- 
gusly curved, as m Osctllana (fig, 2). The most lowly of these 
plants — so far at least as is known — multiply by division of 
their cells only. A little higher m the scale we meet with 

B 2 
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plants in which, while certain of their cells perfoim the function 
of nutrition, others arc set apait for the purpose of repro 
duction In the common Moulds, such as Muvor (pg. 3) or 
Eurotiiun (Jig 4), the tells which seive as oigaiis of nutrition 
aie elongated simple or blanched filaments, termed liyphie^ 
which he upon the suifacc and biuiow in the mass of the sub- 
stance lurnishing the plants with food , while others, destined 
to lepiodiice the individual, aie de\ eloped in globulai cavities 
(apoiangia)^ \\\ Miuoi [Jig 3), oi aie arranged in necklace 
like branches at the end ot special falamcnts as in Eittoiium 

iPj 'I) 

Flo 6 



JtHj 3 A sptot" of mouU ( Mtuoi ) witli bruicbtd inyceluim (ou»po»etl of li>plia*, 
and Iwaruig t^\o ^poiaiigui A, bhuwa mort highly u» igintitd it 1 


Yet a little higher in the scale of \egetablc lilc we find the 
cells so combined as to foini flattened expansions (Jig 5), oi 
solid axes (Jig 6), as well as special oigans of reproduction 
(Jig. 5, t, t). But the cells are all more or less alike, so that 
no true distinction can be drawn between the often very ditterent- 
looknig parts we meet with in such plants as a seaweed or a 
mushroom. Such a combination of similai cells, whatever the 
precise form may be, which presents no differ entiation of leaf 
and stem, is called a thallus or thallome. The plants which 
are commonly known as Algce and Fungt usually possess such 
a plant body, and they have been grouped together to form a 
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5 

division of the vegetable kingdom ivhich bears the name 
Thalloplnita m consequence. 

From the Thallophyta b^ ^aiious mteimediate stages, 
tluough a diMsion of plants called Lwcrnmt^^ we airive at 
anothei group — the Mosse^i In the lower forms of the Livei- 
worts, eg Marchaniia {fq ha\e a green flatthallus like 

stem bearing upon its undei surface scale like appendages, which 
botanists ha\e consideied to be the fiist representatn es of true 


Fig 4 Fig 5 



Pki 6 Tlmllnx or thallome of 
the common Bladder Seaweed 
(Ft/cm vesiciflovis) /, t The 
fructification i>, v Bladders 
rontauilnf? air 

leaves. In the higher forms, as Jungermcmnia (fiq* 8), the 
stem and leaves aie both moie highly developed. 

With the exception of some of the higher Mosses, such as 
Pohjtnchumy all the plants so far described arc composed mainly 
of cells which approach moie or less closely to the spherical or 
oval form, or which, if elongated, aie thin- walled and commonly 
flexible They are hence often termed Cellular Plant Sy in con- 
tradistinction to others whose composition is much more com- 
plicated, causing them to be called Vascular Plants, These are so 
named on account of their possessing, m addition to such cells 


Ftg 4 Anotlier mould 
^vltll lepiodiictlve cells anange<l 
111 io\vs oil a •special branch 
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(winch aie called elonj^atcd, ^<enerally thick- 

Fio G Fift 7 



Vu! G Tlie toininoM lltmlnoom ( Iiq 7 A poition of the flat 

tampestfxs) There aie three leceptntles thallns like stem of Mar 

{/nutiflcahon), arising from the iiiTcehum chantm polvmorpha, showing 

mv below one^oungan(^ nearU globular, an anthendial receptacle, ?, 

and tw 0 mature n Pileus h Lamella snpporteil on a stalk, i 

c Annulus 


walled cells, termed 7?) o9Z’nr/zz/wa/o?z .9 cells, otfihresy and also in 
Fig 8 most cases various^ formed tubular oigans 



Fig H lunoermannia 
Mdentata The stem is 
creeping, and bears 
numerous small imbri- 
cated leaves 


wdnch aie knowm as vesseh The distinc 
tion between cellulai and ^ ascular plants 
IS not, how e\ er, absolute, as certain of the 
Algte afford undoubted instances of the 
occuirence of paiticular vessels known as 
sieve tubes, much like forms met with in 
the highest flow ermg plants In the higher 
Mosses, o,g Polyty irhum {figs 9 and 10), 
the stems often contain elongated cells, 
whose walls are so thickened and chemi- 
cally changed that they differ little Irom 
the true wood-cells met with in the moie 
highly de% eloped plants Con elated with 
this greater de\elopment of the oigans of 
nutrition we find the reproductive appara- 
tus showing a more complex structure, as 
will be hereafter described. The Liver- 
woits and Mosses aie, however, destitute^ 


of vessels, such as exist in the next and all the higher groups of 
plants. ^ 
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Still ascendiii", we find m the Fnns 13), Hoisetaih 
{fiq Peppenuoih, Chth^moHHC<i {fig 11), andi Selagiiiella^ 
a continued advance in complexit> of stinctnre , vessels of 
dififeient kinds make thou appeaiance, and the stems aie fie 
quenth of consideiable size and hei^^lit Cal am lies, an oidei of 


Fig {) 



Fig 10 Fig 11 Fio 12, 



Ftg 9 Plant of tlip Hair (Poht 
ttuhvm *ommunt-)^ with leavew, stem 

and sporoi^onium Fig 10 Plant 

of the same, with stem and leaves, 
and terminated bj the male organs 

{anthei idin) Fig 11 The common 

Olub moss vcopodium clavafum) 

12 Termination of feitile 

branth of the Great Water Horsetail 
( Fguitetum martmum) 




extinct plants allied to the Horsetails, which were extremeh 
abundant during the foimation of our coal measures, appeal to 
ha\ e reached the height of our loftiest trees , while at the 
present da;y in the tropics and warmei parts of the earth 
Ferns frequently attain the hmght of twenty feet {fig 14), and 



8 


MANUAL OF BOTANY 


sometimes even as much as fort> leet Such Ferns beat on their 
summits a large tuft of lea\ es, or, as they are commonly called, 
/roni^s, a term applied to leaAcs which, like those of Ferns, bear 
organs of reproduction 


Fig 13 



The plants which have been men- 
tioned so fai ha\e been called Crypto- 
gams^ 01 Flowerless Plants, As we 
shall see latei, this designation is not 
properly applied to all of them. The^ 
are especial^ and more fitly charac- 
terised In not producing the special 
structures known as seeds 

All plants above the Cryptogams, 
fiom possessing evident floweis, aie 
termed Phanerogams, oi Floweiing 
Plants These latter plants are 
raaiked oft tiom all the lower forms 
bv bear mg seeds 

The Phanerogams present two 
wellmaiked dmsions, called respec 
tivel;^ i\\e Antf 1082)6} mia and Gipnno 
spermia the former including those 
plants in which the seeds originate m 
a case called an ova}y {fig 398 , o, o ) , 
and the latter such plants as the Fir 
and Larch, m which thev do not In 
the Phanerogams we have the highest 
and most perfect forms of plants 

A survev of the forms presented 
by the various plants constituting the 
vegetation of the globe shows us thus 
an extiaordmary variety in es^ernal 
shape, in actual dimensions, and m 
peculiarities of internal structure 
The simplest with which we are 
familiar exhibit onlv a roundish or 


Fig 13 The Male lern ovoid bodv, With no differentiation of 

a natural size) parts, consisting only of a minute 

mass of living substance, or protoplasm, 
which ma,v or may not be surrounded by a definite limiting 
membrane or cell w all Each plant is said to consist of a single 
cell Genei all v% with larger size we find the living substance 


consisting of a number of cells, separated by partition- walls 




Fig 14 A Tree Fein 


varied , but in the case of organisms higher in the scale, it is 
found theie is a tendency to assume onl> tuo forms, which recur 
in constant alternation with each other Each fbim is character- 
ised by producing a special kind of reproductive organs, and bears 
a name indicating then nature The common Fern is perhaps 
the most easily studied illustration of this. In the fonn usually 
recognised as the Fern plant, the plant body is found to carry 
out the process of reproduction certain cells which are known 
as spores. These are asexual reproductive cells that is, each is 
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capable by itself ot producin" a new individual This lorm, as 
it beais onh spoies, is known as the Rpoi oplnftc^ or spore bearing 
geneiation The other foini, a little green flattened bod^ , gener- 
allv about a quart ei of an inch m diameter, called the 
( iiq If)), pioduces sexual organs, which give use to lepioductn e 
ceBs of two kinds known as gamitcs Neither of these can b;N 
itself give use to a new oiganism, but aftei a piocess of fusion 
of tw o of them, one of each kind, the resulting cell can originate 
such a development The form of the individual aiising from 
the spoie is alwais a piothaUns, and that which is developed 


Fig If) 



Ftg 16 ProtliftUus (gametopUyte) of Tei n ( X 10) After Kiu 


from the fused gametes of tlie latter, which unite to form a cell 
called the oospoi c or zygote^ is the new Fcxt} 

In some plants the sexual cells aie appaiently all alike, but 
m most they diflfei in shape, size, power of motion, &c Whethei 
similar oi dissimilar, they are known as gametes^ and the phase of 
the plant which bears them is consequentU called the gameto- 
phyte 

In many plants the spoi ophite pioduces two kinds of spore, 
each of which gi\es use to a special form of gametophyte In 
such cases the two kinds of spoie differ very greatly in size. 

In all the higher plants the two forms regularly alternate,^ 
the sexual cells of the gametophyte giving rise to the sporophyte, 
and the spores of the ^ter repioducing the gametophyte — the 


GENERAL MORPHOLOGY OF THE PLANT 11 

lite histor\ of each plant so exhibiting what is known as an alter- 
iiahov of (jimrration^ 

In the lowei forms, among the Algte and Fungi, anothei 
i ariety of alternation is met with. Then ganietoph\ tes, m many 
cases, bear asexual cells as well as gametes, and frequently the 
gametes are not dei eloped, so that man^ asexual geneiations 
often follow each other before a sexually produced form lecurs 

The asexual cells v^hich arise upon the gametophyte aie 
called qonidia The> do not differ essentially from spores. 

Among the lower plants the gametophyte is usually the more 
piominent of the two foims desciibed In the Mosses the 
ti\o aie almost equal in degiee ot development The gameto- 
phyte IS the so called moss plant, and consists of an axis fur- 
nished with numerous lea\cs. The sporophyte consists of a 
swollen head or capsule, supported on a stalk of vaiiable length, 
and remaining attached to the gametophyte It foims the body 
which is often somew'hat loosely spoken of as the fiuit 

Aboie the IMosses the tendency is to gieatei deielopment of 
the spoioph\te and letiogrcssion of the gametophyte. In the 
Ferns and the higher Cr^ ptogams the plant knowm undei the 
ordinary name of Fon^ Horftrtail^ or Clah woss is the sporo 
phy te, and the gametoph^ te is a small structure, consisting of only 
a plate of cells, or a small tuber like mass and showing little or no 
segmentation of its body In the flowering plants the retrogres- 
sion of the gametophyte is still moie maiked, they possess two 
kinds of spore, each of which gives use to an appropriate 
gametophyte, one bearing inale,-the othei female gametes The 
gametophytes produced by the small spoies, or micioywre^y 
which aie often spoken of as polleti g'lainsy consist of long 
tubular outgiowths, which during then development boro their 
way into the stiuctures among which the large spore and its 
gametophyte aie found The gametophyte aiismg from the 
large spoic, or megasporcy or emhrifo saCy consists, in one laige 
section of the dowering plants, the Gymnospeims, of a cellulai 
mass which is developed inside the spore, and completely fills it. 
In the othei section, the Angiosperms, it is similaily hidden m 
the mterioi of the spore, but it consists of only a few cells, some 
of which aie not even furnished with cell- walls 

Above the Thallophyta the cell produced by the fusion of 
the gametes giv es rise to the new individual while still attached 
to the gametophyte, so that the spoiophyte appears to spring 
out of the latter The spore^ on the other hand, of whatever 
kind they may be, are generally set free from the sporophyte^so 
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that the galiletoph^te appears as an independent strnctuie As 
aheady mentioned, this is not the case with the Phaneiogams 
These produce ti\o kinds of spoie the smallei ones onl> are set 
flee, subsequently giving rise to the gametophyte oi iwUen tnhe 
which beais the male gametes, the laigei ones lemain always 
attached to the spoiophyte, each producing its appiopriate 
gametophyte m its intenoi, and ultimate^ leading to the 
formation of a special structuic called the srrr/ 

The body of the plant, whethei gametophyte oi spoiophyte, 
may shoyv various degiees of coinplexit’v of form. It may be 
eyidently divisible into parts, oi wrrnhrrs, yvhicli may^ be all 
alike, 01 may be dissimilai , oi, again, it may shoyv haidly any 
such segmentation In the gieat maiorit'^ of cases the body 
consists of tuo dissinnlai membeis, characteiised by growth in 
opposite duections, these aie then called the loof and the 
fthoof Both of them geneially exhibit appendages spiinging 
from the mam body , but yvhile those of the loot aie like the 
membei fiom yyhich they arise, those of the shoot may be of 
tyyo kinds, some like, otheis unlike, that on yvhich they are 
home Those yyhich are like ii aie known as hanchesy those 
unlike it, leaver We can distinguish betyyeen ihnUoid shoots 
and leafy shoots, aecoidmg as blanches onl>, oi blanches and 
leayes, can be lecognised on the shoot Roots almost always 
bear branches only, leayes occurimg on them only under yeiy 
exceptional circumstances A fuithei diffeience between the 
root and the shoot consists in the fact that the lattei ahvays 
beais the true lepioductiye organs The pait of the shoot 
yyliich gnes rise to the appendages is termed the stem, and the 
stem and main root together constitute the ajcifi of the plant 
I Plants yyhich shoyv a diffeientiation of their shoot into stem 
and leayes arc called Co moplu/fe^ The piominent foim is m 
most cases the sporophyte, and the distinction between the 
two paits of its axis as to the diiection of then giowth can fre- 
(piently be seen from the y eiy commencement of its development. 
The cell foimed b> the fusion of the gametes, usually called the 
oospoipj IS first divided by a cell-yyall, known as the basaJ wall, 
into tyvo segments, of which the upper one, or epibaaal cell, 
develops the shoot, and the lowei, oi hypohasal one, ultimately 
gives use wholly or partially to the root Theprimai> loot and 
the primary |fe^n aie thus always opposite to each other. 

Those pw^ts whose shoots show no segmentation into stem ( 
and le^l are^^own as Thallophyies^ and the plant body is called 
a Thc 0 i^<' 
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The thalloid shoot may be regarded as intermediate between 
a true thallophyte and a coimophyte 

The relative development of loot and shoot may vary very 
greatly. In most ol the lowei plants the loot is frequently of 
very small size and very simple stiucture In the great group 
of Algae 01 Seaweeds, in which the gametophyte is the promi- 
nent form, this member is never \eiy gieatly de\ eloped, thougli 
the shoot of tlic same plant may attain large dimensions In 
some of the filamentous floating foims it can hardly be said to 
exist, being often only indicated by the single hypobasal cell 
peisistmg at the end of the filament, and this having only a very 
shoit duiation In the spoiophytc ol the higher coimoph}tes 
both loot and shoot aio well developed and miitli blanched, the 
shoot being still lelatuely the gicatei 

The shoot usually shows much moie dittercntiation than 
the root. Its axis, the stem, gives rise to blanches and to 
leaves. The bninches m tuinmay gi\e oiigiii to otlici branches, 
and these to otheis, thus foiming an elaborate biancli system 
Each blanch, like the mam stem, also pioduccs leaves. The 
leaves, on the othei hand, though olten very much branched, 
or compound, nevei beai other leaves 

In the highei cormophytes, in which the spoiophvtc is the 
piomincnt form, it produces special shoots foi the purpose of 
bearing the reproductive cells oi spores Usually these cells 
are home on special leaves, winch aie then called spotophylh 
{Sometimes these sporoph>lls veiy closely resemble the ordinal y 
leaves, as m manv Feins , sometimes they ditlei from them very 
markedly in appearance and stiucture. The special shoot of 
which they are the leaves is then known as the flowt i, <ind the 
branch svstem constituted by the floweis is called the irijio- 
reattntc. In most cases this is shaiply maiked off fiom the 
general bianch s>btem The flowers have usually, besides the 
sporophylls pioper, ceitain otliei external leaves which do not 
themselves beai spoies 

In the lowei plants, when the spores have become mature 
they are detached from the paient plant and geimmate indepen- 
dently, giving rise to a separate gametophyte In the fiowenng 
plants, wheio the spores are of two sizes, it is only the micro 
^1)0)68 or pollen grama which are so dispersed The megmport^ 
or embryo sac, genninates in the spot ang mm, or ovule, and 
gives rise to its peculiar form of gametophyte within itself 
By certain appropnate mechanisms the gametophyte arising 
from the pollen gram is brought into relation with that developed 
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from the embryo sac, and the gametes from the two unite as 
in other cases to form an oospore This fusion, which is known 
as the fertilisation of the oosphere or female gamete, is followed 
generally by a certain development of the neighbouring paits 
Even when the ganietophytes are developed apart from the 
spoiophyte, the act of fertilisation is often attended with the 
same result. The body thus produced is known as the fruit 
In the latter cases the fruit is altogethei a development of the 
gametoph^ te , m the formei, the paits which foini it aie de 
rived from the sporophyte, to which the gametophyte icmaiiis 
attached in this wa>, m the doweling plants, the iiuit is 
developed lioiii the central poition of the dowei 

The conseciuence of the iiicgaspoie, oi Gml)iyo sac, of the 
highest plants, alwa)s reniaiiung m the spoiangium, oi ovule, 
and the gametophyte doiived fiom it never having an mdepeii 
dent existence, is the pioduetion of anothci stiuetiue, found at 
maturity usually within the fiuit, and known as the m ed AVhen 
the gametoph) tc has been dev eloped it boais noimalJv one sexual 
cell 01 gamete, known as the oosphne This is leitilised by the 
male gamete while the whole gametophyte is still m the inteiior 
ot the sporangium, and the oospoie lesulting fiom such fertilisa- 
tion germinates at once, stalling the giovvth of the new spoio- 
phvte This giowth takes place at hrst within the spoiangium, 
and proceeds foi a longer oi shoitei peiiod till the loim oi the 
new sporophyte is cleaily indicated m its paits Then the 
growth temporaril;y stops, and the sporangium with its contents 
Jbecoiues separable fiom the sporophvte Tlie spoiangium oi 
ovule has now become the a structuie which, fiom the 
peculiarities of development indicated, is conhned to the dowel- 
ing plants It contains the new sporophvte, known as the 
embtyOj besides enclosing the lemains ot the gametophvte 
which gave use to the lattei, and which may oi may not con- 
stitute the greater part of the structure. 

After the seed has been detached from the spoiophyte 
it lemains quiescent toi a variable time, but under appio- 
priate conditions the temporarily suspended development is 
resumed, and the new sporophyte soon attains an independent 
existence. 

The formation of the seed is thus a special feature of those 
plants in which the megaspore does not become detached from 
the sporophyte, but dev elops tn This important peculiarity , 

marks off the large class of Phanerogams or dowermg plants 
from those below^ them in the scale of development. In such 
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of the latter, known as the Cryptogams, as ha\e megaspores 
the latter are always detached from the sporophyte, and 
therefore seeds are not produced 

If we compaie the forms of the gametophyte and sporophyte 
in such plants as plainly possess both, we can notice that the 
gametophyte is usually a thallus, but is cormophytic in the larger 
Algae, the Jungermanmas (a family of the Liverworts), and 
111 the Mosses The sporophyte is but seldom recogmsable 
among the Thallophytes, many of which indeed possess only a 
gamophytic form, but it is a thallus in such of the Algas and 
Fungi as possess one With few exceptions it is a eorniophyte 
m all plants above the Mosses In the higher plants it 
presents us with a senes oi meinbeis We may distinguish the 
root and the shoot , the latter including ^ aiious foiiiis of blanches 
and dilfeient kinds of lea\cs Its most impoitant membeis arc 
the stem, the \egetati\e blanches, the inHorescencc, and the 
dowers, the leaves, home Joha go Inivcb^ others spbtophylls 
lasth the fruit and seed 

The gametophyte is seen at its best in the Alga*, Fungi, 
Liveiwoits, and Mosses Here it may show root, stem, and leaf, 
01 it may be onh a thallus oi a thalloid shoot Above the 
Mosses it IS giaduallv and piogicssively leduced, being nevci 
moie than a thallus above this point, and gradually becoming 
less and less piominent, till at last it consists of only a few 
cells m the interior of the iiiegasporc. 

The V egetative members of the plant may now be considered 
m greater detail separately, the morphology of the special 
leproductive members being deferred to a succeeding chapter 


Thallophyiji.s 
The Thalluif 

The thallus may consist of a single cell, oi may be composed 
of many cells It shows scarcely any distinction of part.-, or 
segmentation, and but little differentiation of its mtenial tissues 
It IS often possible to see a division into root and shoot, but m 
such cases the former is only veiy slightly differentiated and 
often consists of only a smgle cell of the embryo. There is 
novel any particular difference of structure between them. When 
a thallus is composed of more than one cell it may be a filament 
or a collection of filaments, or a flat plate often only one cell 
thick, or a mass of some size. In l)he last two cases it may bear 
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a number of hairs fiorn any pait of its suifacc In some cases, 
as m Volvo it is a spherical body capable of active movement 
cairied out by special filaments oi cilia, which move rapidly to 
and fio in the water m which the plant lives It inav be 
branched, ceitain branches being like the mam bod>, and 
others specially modihed to piodiue the lepioductive organs 
The thallus is seen best m the lonest plants, whcie generally 
the whole plant body is of this dcsciiption It is the piommeiit 
foim m most Fungi and Alga‘ , is that ot the gametoph;stes ot 
the Feins and most othei Vasculai Crvptogams and of the 
Floweimg Plants The spoioph>tc is less tie<iucntly a thallus, 
but this is the case m such of the Alg.e as possess one, and 
m a few exceptional Phanei ogams , eg Wolffia anJii^a, 
Lophogijnvy etc 

OoKMOi'HYltS 

Foi man\ leasons it is most advantageous to commence the 
study of the moiphology ot coinioph^tic plants with the most 
highly difieieiitiated foims These aie to be met with m the 
gieat group of the Phanci ogams, and lu paiticulai in the section 

known as the An 
giospei ms, to w hioh 
all oui 01 dinar \ 
plants with con 
spicuous lloweis 
belong The pionn 
nent foim m these, 
as we have seen, is 
the spoiophyte 
If we examine the 
seed ot one of these 
Aiigiospeims, e <j 
that ot the common 
Pea, we tind it con 
tains the embr^ o oi 
^oung plant in a ludimentaiy foim This embryo is shown m 
pg, 16 It eonsists of a distinct central axis i, which is some 
times called the tigtlluniy the, lower part of which is known as 
the nididey t , the upper paifc, which bears two oi three ludi- 
mentaiy leaves, is known as plumule ^ n. This axis is imited 

to, or bears, two fleshy masses, oi lobes, which aie its leaver 
or cotyledonsy c. The part between the attachment oi the cot;^’ 
ledons and the radicle is som^imes called the hypocotyledonary 
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/tf/ Ib l)u ot>kHlouous tmbiio 
ot the Pei, luid open (luuKm 
hod) / The riwlkh / Tht 
11 Ms {hupoioltil), Urmin vtul by 
till, plumule, « (,c Thcu>t> 

letions — I'ly 17 Section ol 
the liuit ot the Out p Phi 
mule / Hiullilt < Siutillum 
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portion oi lujjpocotijl^ and the portion abo\e the cotyledons, the 
epicotyledonary part or cpitotyL Plants, like the Pea, which 
beai two cotyledons, are gioiiped togethoi to form a gieat class 
known as the Dtcofi/Jrdmn In man\ seeds embryos aie found 
^^hlch possess onh one cotyledon Such aie the embl^os of 
Glasses {Jnj 17). Tliese plants foim anothei gieat gioup 
known as the Monorofiilrdo}^ 

When such a seed as the Pea is placed nndei fa\oui able con j 
ditions,its embryo begins at once to de\elop, the radicle gi owing ' 
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18 Loiiifitiuliunl nectioit ol th« apex of a loot of Buckwheat 
a G rowing point h Root cap 

in a downward direction, while the plumule extends itself up- j 
wards We thus can distinguish between the two parts of the j 
axis according to the direction of their grow’th, Prom the^ 
lower portion is formed the root system, from the upper portion 
the shoot, consistmg of the stem and its appendages. 

Section I —The Root 

The root is seen thus to be the djeecendmg axis of the plant. 
It usually attaches the plant to the substratum on which it 

VOL. I. c 
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^)o\\s nul iliMiili'i initiiiiHiit t1i(i(iiuni It picbciits lertiiiii 
tiMtnxs wiiith it (it o}i(( iioin tiu ston, tlioii^li it 

ini\ Iji nidi h‘])i ili^lU it nnh Ik ns siuli ,i|)p( nil.n^t s as ni 
IiK( itsili, il n(\(i Ik .Its tiiw' i( jiiniliu liM mci^ins nid (niK 
iin«l( I 1 s( (‘j)t lonal ( 11 1 uinstani 1 diK s It t ijsi ti> li il\ shoot 
oi Itaxis Us i'lowtli takes ph(( h^ iikh isr nl iis snlistance 
imnu di ill h behind its ipi x^so ili it tin *'io\\ ni^Miyion fuf 18) 
IS ilw i\s mteiii il nid piotidtd h\ a thin ( iishion oi i .ap ol 
tissiK known. Is llu nuitfop {h, /nf 18, ?,//// 19) In those 
loots wliidi i^iow in oidni.ii\ soil, tlu loot is tiiiinslied, i little 
\\a\ Ixhind tlu .iiiox with i nniiiber of m i s d( hc.ite mitniow ihs 
tioni till Sudan, whidi pinetiate into the tioxii t s lx twot n the 
pai tides of tlio soil, .nid ( oiiio into very doso k lationship with 
them These stiuctuus aie known as the ioof they are 

the stimtmos thiough which ahsoiption fioin llu soil takes 
pl.ice Thex .xienot distubnted o\ci the whole sini.ice, but only 
occupx i sni.ill spa( c not far behind the giowung point ( fiq 20) 
Thesi h Ills au not to lie logaidod ns in the sense 

alM id\ iiKiitioiud ioi ill pails of the ])1 nil ion.( in being able 

toguo use to snmlai 
strnctineB Thex aie 
onlx outgrow tils of 
tin <\t«in.il (OX PI 
ing 

The diiect pro 
lung.ition of the ladi 
(le doxxnxxnids foiiiis 
wliii is known IS 
llu iunnnni loot 
Tills max ginw to a 
gieal si/e piibibt 
mg llnongh the life 
ot tin pi nit It is 
usual lx I ipeniig in 
foim md heals 
immixns ot hiam lies 
xxhnh mix diem 
sidxe*^ 1)1 indi le 

pf itt <llx nnl so gix L 
\ 1 st to I 1 iige loot 
thus jKisi^tdit ami 
stionger than its blanches, it loims whit is known is a faj> 
'loot On the othei hand, it is not uiinsual foi tht piimaix loot 
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In 1*1 1 oiiu- 1 1 lilt nl 1 1 mil 1 1 /'//iXi/.f / ) 1 («ti 

( t)i / n/ J(i 1 itiiii it( In ill. Ill til i Hint 
hiiw 111 ' I n itinn nf unit h m 

sxsttni Whin the )>umiix loot is 
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to «lt \ < lop Ollh lo I sllollL ( \tclll, lllil to l)( sp( ( (lll\ -^ui p ISS( (i 111 
\ i«oni 1»\ its In UK Ik s 

TIk hi UK Ik s oi tlio pninuN mot likt‘ tiio litt»i ilw i\s 
}ia\pilKii ipui (o\<i((lh\ i mot Clip Ik \ uiso \\ith\on 
fow < \t ( pLions, itliin till tissiKs (»t tin* ])iiiii.u\ loot uni in 
tlifii L,io\\th hoio tin 11 \\ i\ oiitw luls tliiouu[h its (\t(Mial 
li\(is 'IMk s an Iviiown iss^mi/^/M/ moN uiil i1k*\ in tuin 
pioiliKt hifnuif mots ukI so on In tin n onhi oi iliMiop 
intnt t ith hiaiuli noiinilh uis(s iniui to iIk ipcviliuithe 
oiU‘ ht ioie it, so that tlu \onnt!<st is ilw i\s tlu laaust lo tlio 
tip I’liis iiioilo <ii ounin IS IviKiwn as smassum 


Fin 21 



/ m J\ rii* I IIK in ti c • ( / /< /< inluti) 


It IS not conhiud to lootb but is a h iNin ol in uk liin^ in 
geneiiil 

Occasion ill\ 1kk\(\«i mots um iit oIIk i pi k c*s thin 
thpii noun il point ol oiii^in Sik h ui known as ////Z/n/is 
mot-. 1 \iUiitih s III I \ l)( SI t n in tin mots piodiKid upon th<* 

btcllls ol till l\\ Mill ol III I pi lilts h\ \\ hl( h till \ 111 lllihliiito 

attach till ni><.l\ I s to 1 111 siiitutsoMi \\hiihthi\ m ihiiilani' 
^ pr^ ImpunlU loot nl this disiiiption lUi di m lopi d tmin 

111)111 1 tl sin 1 K < s I 111 ihi I isi ot ihn-.! ))1 nils wliiili an pio 

jiacriti d h\ IIK Ills oi ( nltiiii!'. When » mkiiii, t w it, ol i (rcraiiiujii 
IS s(‘\cud horn th( sti in iiid its cut c ml rnihi ildi d in moist soil, 
it Shoith puts out llltM uhintltKUl mnts flnlU tin (lit -'Mil K I 
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and (F vtlops inU) i ih u (iLi.innun plaiil \.d\ < iilitioiis loots 
( an also be inad( to niso tioni le.ivts as in tlic case oi some 
species of linfoinit ind of H) ifo/Jnjlluvi In man\ otlu i 
plants aeiial tools lx loni^m^ to tins (lassaio ^:>i\(noli b\ the 
st{ m oi hi n\( h< s u hi( h d( s( end to th(‘ gionnd, \nd, tixing them 
seh ( s th( 1 e, not onh i< t is nu < h.imcal snjijtoi ts, lint assist the 
true loot in ohi nmm; iood Suchioot&aie well seen m theBan\an 
or Indian 1 i^^-tiec' ( /a; 21), and in the IVIangroxe ( 22) 

The piimaiy loot and its hianclies constitute what is often 
called the )noi Its loim depends upon the lelatne 

dimensions of the mam loot and the hi, nu las Wlirn tlu‘ 

loiima peisists .nul is 
alwaNs stiongei than 
Its blanches, we have 
the tap-7 oot and its 
modihcations Each 
blanch m such a 
system is usiiallv 
stiongei than the 
blanches to wliicli it 
gnes rise 

Soinetnnes the 
pinnai\ loot is but 
shghll\ (k \ eloped, and 
gives oil tiom its sides 
a multitude ot delicate 
bisnchfs vhich are 
moK oi less fibious 

SoiiK times ig.im it 
duidcs it ou(( into a 
numbti ot sl( ndei 
blanches 01 lootkts A loot s\stem ot this kind is seen in 
oui animal Glasses ( //</ 10) 

Tlie cliaiactcis ot iIk loot «\stem and ol the indnidual 
loots aie al\i a\ s (let( 1 mmrd b\ the ]ie( nli.u ities of tlu lues of 
the plants to whuh tlu^ belomt Snmt jilants lue tia a ^eal 
Old}, springing iiom seid tlowioing md dMng in a single 
season These aie know n is Tlien roots aie always 

ot ^m ill si I tlu \ m i\ lu ( ithi 1 (iitinlx sKondai> springing 
111 .( tuli lioin tilt '(i\ slioit [>iimn\ oin oi tlicie ina^ be a 
thintaimooi with i mimbei of sinalh i bi nu hes spiinging fiom 
its sides 

Otliei plants lue then lues diuing two \eais In the fiist 
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they pi odiice leaves and iiiaimfactinc a ( oiisidt i il)lt 
of food iiiatcnals At the end ol the suiiiuu i tins is (h posited 
jn the loot, which ljious to a si/( md lit (onus llcslu 

,ind succulent Siu h loots lu shown I)\ tlu Kadisli I’m up) 
and Caiiot, wliuli aic spoken ot is Jnsifotut, inij)i /on/i, md 
conital iespccti\cl\ ( //r/s 2), 21, iA In (hi nt'M mu llu 
plant pioduces its llowcis md suds usiiil^ up (lu stoud lood 
sLipph dining the pioccss ot ^luwtli and Howciin^ d’hesc 
plants ,111 called Biemnah ^ 


Pio 23 Fio 24 Fi(. 25. 



A \ci\ nunihci ol ])1 mts, as w( (,ni (,isil\ obsene, 

li\( foi ni.in\ \( ns Some ot tlie ni, liow ( m l , dii dow n to the 
^lound (Mi\ wmlei the loeit s\stcin he in^ the onh pait 
\v Inch .ippc ais to peibibt The roots ot tluse plants also se i\ e 
as storehouses foi food inateiials which aie used in the sue 
e e ediii!; spiing as the stems leippe n met ,h ti\ ( life isKsimud 
Sue li plants aic the Laldn(/n/ ‘2S), and some Ole hids ( //e/s ‘2t) 
rfind 27) These [x t < hhkiI mhAs m m m\ eis(s,ii( wood\,lik( 
those of plants ^\ hosi !< nn dso imi\( tin wmli) In the 
case of the D<ihha ui tnul the mot whu h '.ion tlu nninli\e‘ 
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the food material, but it never attains the peculiar development 
of the root of the biennial plant 

Wood;y roots are conmionly perennial m themselveh, and 
are not icnewed 

Certain peculiaiities aio shown by the lootb of plants winch 
do not grow m the soil. Those which aie to be met with m 
watci aic usually long, unbianched, somewhat fleshy or succulent, 
and devoid of hairs They may be denominated aquatic loots 


Fio 30 Fig 32 



Two other classes of plants also show modiflcations which 
depend upon their peculiar mode of life These are epipJvytea 
and jparasites 

Boots of Epiphytes or Air -plants , — In many of these plants 
special aenal roots are produced (fig, 88, a), and as these never 

;each the soil they cannot obtenn any food from it, but must 
draw their food entirely from substances supplied to them by 
the air in which they are developed , hence the name of atr- 
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2)laiifh uhicli IS applied to them They aie also called ( pipJiijtt^s, 
b(Laus( tli(\ ( oinmonly glow upon othoi plants 'J'lu \ ha\e 
ficqiicntK also small loots of the oidinaiv t\pe, which pinctiatc 
into Cl icks oL ciamiics in the baik of the suppoitmg plant, 
enabling them to absoib small ijuantitics ol lood tiom the debus 
which accinuulatcs theie Man\ ol tlu tiopical Oichids 
3 b) affoid ns illustiations of cpiplutu plants The aeiial loots 
of such plants aie fie(|nentl\ gueii and scive as organs foi 
constructing food The aeiial loots of Oichids ha\e a layer of 
usually vei> delicate fibrous cells covering them, which assists 
m the absorption of moisture fiom the air 

Hoots of Fat allies — These aie plants which not onl\ grow 
upon otheis, but which, instead of sending loots into the an 



/j<7 tiniiliNtu < 'it bid u Lull'' plants, '-howujg then mode of glow tl) 

(( (I Aeiiil loots b,b PsLudobnlbs 

and deriving food mateiial fiom it, .is do tlu cpiplntcs, inseit 
pcculiai loot like bodies into the tissues ol the pl.mts upon 
which thc> glow, and obtain nutimicnt tiom tliim dlu jil.mt 
which the\ thus penctiate and feed upon is Inmcd tluii host , 
md till sucking loots aie called huiisio) nt Tlu y differ fiom 
inK loots m the mannei ol then oiigm.ition, as we shall see 
laU 1 Tlu i\listlctoe albiittt), Ihoom-i.ipi s {Otohanche), 

Doddds {( us( /(((() {ti(j 34) .md lioffiisin Atuohh iiui 35) 
m.i\ 1)1 (ilid IS ivimpks ol such pl.mts Thesi ])t«i,isiies 
dillci horn ( ich otlui m ip]iiai.m(( , souu hivi'gHin toliage, 
.IS tlu Alisthtoi , whih m nn olluis ,n i ])»l( oi hiowmshoi 
pOss( ss ollu 1 tml ih.m < i » < ii, is tlu 1 5i oom i i])i - and h'o ffJ< SKt 
Pai.isitic pi lilts \ti\ m tlu dtj^iit ol ihtii p a isiiism , 
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the Mistletoe and tlie greatei number of parasites aie, so 
far as their loots are conceined, entirely dependent upon the 
plants on which they grow foi then food Others obtain food 
material at first, like other plants, b,\ means of ordinal y roots 
contained m the soil , but after having ariivcd at a certain age 
these perish, and they then deiivc then food entiiely through 
hailstorm which penetrate the plants upon which they grow 
Others, again, continue throughout their life to obtain a portion 
of their food-mateiial by means of loots embedded in the soil 
while they possess m addition haustoiia which aic inseited into 
the roots of plants gi owing side by side with them These aie 


Fig 6i 



often called tooi-pamaites , besides taking in nutritive material 
from the soil and from their host plants, they absorb certain con- 
stituent elements of their food from the air by their green leaves 
It will thus be seen that parasites differ hrom other plants in 
that they are not entirely dependent for the raw materials of 
their food upon the soil and the air, but that they derive at least 
some of it in an assimilable state from the plants on which they 
glow. Those which are green, like the Mistletoe, obtain certam 
constituents of then food, like ordinary plants, from the air , 
those which have no green colouring matter derive all their 
nourishment by their roots from the plants on which they live 
,It consequently happens that parasites, by living partially or 
entirely upon those plants on wKch they aie placed, frequently 
injure and even destrnj them, and in this way great damage 
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IS done to Clover, Flax, and othei crops iii this countiy and 
elsewhere. 

Besides the parasites just described, there is also another 
class of plants called saprophyies^ which, whilst agieeing with 
parasites in deriving their food from already formed oigamc 
material, diffei from this latter class by growing on dead organic 
substances, and therefore assimilating such matter as is in a 
state of decomposition oi decay. Such plants as Monottopa 
HypopithijSf Corallorhtasa %nnaia^ Epipogium Gmehnij and 
Neottia Nxdws-avn^ together with the greatei number of Fungi, 
aie examples of Saprophytes 

In the plants which are lower m the scale than the Vascular 
Cryptogams, the loots are generally of a veiy simple type In 
all of them the root may be dcsciibed at? the descending axis of 
the plant, as its giowth is always m the opposite dnection to 
that of the shoot It maybe extiemely ludimcntaiy, as in some 
of the lowest of the Algie or Seaweeds, wheie it consists only 
of a single teimmal cell, which soon perishes It may be foimed 
of a mass of cells, sometimes tapering and blanched, and haidly 
distinguishable horn the thalloid shoot to which it is attached, 
or it may be a long han-like stiucture, much lesemblmg the loot 
hairs described as aiismg on the loots ot the sporophyte of the 
higher forms. In these lowly forms the root is only recogni 
sable in the gametophyte. The sporophyte is ne\ei so fai 
ditlerentiated as to possess one 

Theie are not wanting instances again of plants which beai 
no primary loot at all Such are the gametophy tes of the Liver- 
worts, the sporophy tes of Salvima and Pmlotiim among the 
Pteiidophyta, and of VtncularxafEptpoyium^imdi Corallorhim 
among flowering plants The functions ot the root aie m these 
cases dischaiged by modifications of othei members of the plant 
body, 01 by adventitious loots developed aftei the stem and 
leaves have been difierentiated 

Section II — The Shoot 
A. The Stem. 

The stem is that part of the axis which at its first develop- 
ment m the embryo takes an opposite direction to the root , it is 
termed the ascending axis, and bears on its surface the leaves and 
other leafy appendages (fig. 86, t). It usually grows vertically* 
into the au, though this is not imaiiable , sometimes it is slender 
and w^eak, and trails along the ground, sometimes it bunes 
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itself beneath the suiface and in general appearance resembL 
the loot, roin which, howevei, it can be distinguished beam 
leaves The presence of leaves is therefoie the essential chi 
racteiistic of a stem, in contradistinction to a root, from '(^hic 
such structures are normally absent 

The appendages of the stem aiise in acropetal succession, « 
do those of the loot , but, unlike the latter, their places of origi 
are ver;^ definite We can distinguish on a stem the poinl 
fioni which they arise, which aie known as nodes (fig 38 c,c,c 
Each node may pioduce one leaf or more, and in the ascih of th 
foliage leaves, or the angle foimed between the stem and leaf, 
branch or blanches may aiisc The branch in many cases is nc 
developed far, though it is alwa\b 
indicated The spaces between the 
nodes, which are always naked, aie 
called ititernodes {fig 38, d, d) The 
difference m appearance between the 
nodes and mtei nodes is most evident 
in those cases wheie the mtei nodes 
are clearly de\ eloped, especiallv if 
under such circumstances the leaf oi 
leaves which arise encircle the stem, 
as in the Bamboo and othei Grasses 
In such plants each node exhibits the 
formation of a haidened ring bulg- 
ing exteinall;y, and thus produces the 
appeal ance of a ]oint or aiticulation. 

Tn some cases, the stem easil;^ sepa- 
rates into distinct portions at these 
joints, as in the common Pink, the 
stem then being said to be 'jointed or 
articulated 

At the apex of the mam stem and 
of all its blanches we find the surface covered by the youn^ 
leaves, which, growing faster than the stem itself, roof i 
over and protect it The apex of the stem is never coverec 
by a cap like that of tfie loot. The growth of the stem ii 
length IS confined to the young internodes, and at first thes( 
remain short, the nodes being compressed together. The leavei 
at first grow most strongly on their lower sides, and are thui 
enabled to arch over the stem. Durmg the period of active 
growth of the stem the young l^ves are \ ery loosely arranged 
but when, as in the winter, stJch growth is suspended man^ 


36 



tuj 36 Lower part of th 
stem ami root of the con 
moil Stock 1 The roc 
with itb branches* t Th 
stem /, / Leaves 6, I 
Leaf buds 
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of them are closely crowded together The resting apex with 
its covering of leaves is then known as the hud II is usual 
to speak of tei mined and latend buds, according to then 
position at the apex of the mam stem or in the axils of the 
leaves In the latter case, however, the buds are the termina- 
tions of the branches and are therefore really teiminal. 

The buds of temperate and cold climates, which remain 
dormant during the winter, and which are accordingly exposed 
to all its rigours, have generally certain piotective organs de- 
veloped on then outer surface in the form of modified leaves 
which aie commonly called stales^ or catapliyllarij leaves These 


Fig 37 Fig 38 FiCx 39 



/ ijj 37 A hUoot one year old of the Hor^e oljebtnut, with terminal bud 
a Scar produced by the falling off of the bud scales of the previous year 
b h Scars cause^l by the falling oft of the petioles (»t tlie leaves of the 

present year, with buds, t, in then axils Vuj 18 Diagram to Ulus 

trate the growth ot the shoot from the bud c, c, c The nodes where the 

leaves are situated dy d. The luternodes developed between them 

Fig 39 Shoot of the Lilac (^Sininga vulgaii'i)^ showing suppression of 
the tenniual bud, and two lateral buds in its place (/o/se dichotomy) 

aie usually of a hardened texture, and are sometimes covered 
with a resinous secretion, as in the Hoise chestnut and several 
species of Poplars ; or with a dense coating of soft hairs or down, 
as m some Willows Such scales, therofoie, by interposing 
between the tender rudimentary leaves of the bud and the air 
a thick coating of matter which is a bad conductor of heat, 
protect them from the mfluence of external conditions, by 
which they would otherwise be injured, or even destroyed. 
Buds thus protected are sometunes termed scahf* In the 
buds of tiopioal regions, and those of herbaceous plants grou • 
mg m temperate climates which are not thus exposed to the 



GENERATj morphology of the PTiANT 29 


influence of a winter, such protective oigans would be un- 
necesbarv, and are accoidiiigly absent, and hence all the leaves 
of these buds are of nearly the same chaiactei*. Such buds are 
called naled In a few instances we find that the buds of 
peiennial plants growing in cold climates, which are exposed 
during the w intei , are naked like those of tropical and herba- 
ceous plants Such is the case, foi instance, with the Aldei 
Buckthorn (Bhamnvs Fi angnla), and those of some species of 
Ythur^iiim 

These protective organs of the bud aie commonly, as we 


Fin 40 Fio 41 



/•iq 40 Branch of Oak with alternate lea\e<3 ancl leaMmds in their axil‘s 

a, a Buds b, h Leaves Ftg 41 Vertical section through the end of 

a twig of the Hor^e chestnut Tlippoca%tanum\ before the bursting 

of the bud After Schleideii 

have lust mentioned, termed scales, but they have also received 
the name of legmen ta. That such scales are really onlj modified 
leaves adapted for a special purpose, is prov’ed not only by their 
position wuth regard to the true leaves, but also fiom the gradual 
transition, which may be frequently traced from them to the 
ordinary leaves of the bud. These scales have only a temporary 
duration, falling off as soon as the growth of the bud commences 
in the spring. 

The bud thus contams all the ulements of a stem or branch , 
as we have seen, it is really the first stage in the development of 
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these parts, the axis being here so short that the rudimentary 
lea\e8 aie closely packed together, and thus o\erlap one anothei 
When growth commences m the spiing, oi whenever vegetation 
IS reanimated, the mteinodes between the lea\es become de 
\ eloped {fiq 38, r/, r7), and these theiefoie become sepaiated 
from one anothei, (t Cj c, and thus the stem oi bianch increases 
in length, oi a new bianch is formed In othei woids, the leaies 
which in a bud state o\erlap one anothei and suriouiid a glow- 
ing point 01 axis, b> the elongation of the mteinodes of that 
axis become sepaiated and dispeised o\ei a bianch or an elon- 
gation of the stem 

It fiequently happens that many of the lateral buds ne^el 
develop into branches This is generally the case with those 
which are produced m the axils of the lower leaves of the twigs 
of most trees Sometimes, though not developed at once, thev 
retain for years the powei of growing into branches These 
buds are called dormant buds, and the branches ultimatel} 
arising from them aie known as deferred branches When 
they appeal, thej seem to be developed out of then piopei 
places, and make the bianchmg appeal very complicated 

Branching — Just as blanches aie pi oduced on the mam axis 
01 stem, so from the axils of the leaves of these branches othei 
buds and blanches aie foimed, these again will form a thud 
series, to which will succeed a fouith, fifth, and so on When 
a branch system is well developed m this wav, the term hianch 
IS often applied to the larger divisions only, the smaller being 
known as ttuige. The large blanches of trees aie geneially called 
houghs The geneial arrangements of the divisions of the 
stem constitute its hianclnngy which may be defined as the lateral 
development of siimlai pai ts The div isions of a stem oi loot are 
branches, but the lateral development fiom a stem oi branch, of 
leaves oi other dissimilar paits such as hairs, is not blanching 

There are two piincipal tvpes of branching, the lateral and 
the dichotomous When the axis continues to develop in an 
upward direction by a terminal bud or growing point, and its 
blanches are produced fiom smallei gi owing points originating 
laterally on the mam one, the branching is called lateial 
This IS, piobably, the umveisal system of branching in 
Angiosperms, although theie are some apparent exceptions. 
But when the temiinal bud or growing point hifui cates, and 
thus produces two shoots, which, at any late at first, are of 
equal strength, so that the foot oi podium bears two branches 
arranged in a forked manner {i\g 42), the branching is 
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termed dichotomous. This form is common m many of the 
Ciyptogams 

In dichotomous blanching we ha\c again two foims one 
which IS termed hue oi nonual dic/m/omi/, m which the two 
blanches continue to develop equally m a foiked mannei that 
IS, each becomes the podium of a new dichotomy {fiq 42) —and 
a second, m which at each dii ision one bianch grow s much moie 
vigoiousl> than the othei and di\ides into two, while the othei 
lemains undivided, this is called sympodial (fiq 4S, A and B) 
In this lattei case, owing to the unequal giow th of the branches, 
the stiong limbs of successne bifiucations loim togethei an 

Firr 42 Fig 43 



ti\o branches equally developed m a forked manner, and each branch di 

viding in succession in a similar wav Fig 43 Diagrams of sympochal 

dichotomous branching A Helicoid dichotomy B ^orpioid dichotomi 
In A, the left hand branches, /, /, 7, of successive dichotomies are much 
more developed than the right, ?,/*,? In B, the left-ha ml branches, 
7, 7, and those of the right hand, are alternately more \igorous in 
thefr growth The limbs of the dichotomy which become the successive 
segments of the sympodium are indicated by the lines drawm inside the 
latter After Sachs 


axis which is termed the pseud-axis or sympodium, from which 
the weakei fork blanches oi bifurcations appeal to spiing as 
lateral blanches {fiq 43, A, r, r, r, 4, and B, -i, /, 4, r). This 

branching might at fiist sight be confounded with the monopodial 
tjpe of lateral branching, in which we have a continuous axis 
giving off lateral branches , but it differs m the fact that here 
the apparent primary axis consists of a succession of daughter- 
axes fused together in the course of development 

In sympodial branching, the sympodium may be either 
formed of the fork-branches of the same side (left oi right) of 
successive dichotomies (fiq, 48y^A, /, 7, 7) ; or it may consist 
alternately of the left and right fork-branches or bifurcations 
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(fig 48, B, Z, / , Z, /) III the foimer case it is called helicoid 
dichotomy , m the lattei, etoijyioid dichotomy. 

Of the lateial blanching theic aie also two forms, the laie- 
mosr 01 monopodial and the rgmo^r In the first the pllmal^ 
axis continues to de\clop upAiaids and gives off aciopetal]> 
lateial blanches fiom a\illar\ buds, which also give off lateral 
branches m a siinilai mannei The mam axis heie constitutes 
a monopod III as it foiins a single foot oi podium foi the 

Fio 44 



hm 44 Diagram to illustrate cymose hrancluiig A Djchasial cime or 
Dichamum The siKoessive axes are maiketl by the letters, n, a\ n , a’ 
The eontimiatioii ot eacli axis above the point of origin of the axes spring- 
ing from It is the thin line terminated b> a small circle B Diehasmm 
with the successive axes suppressed on one side, forming a helicoid 
sj miKKliuni 0 Soorpioid sympodium foi med by the suppression of the 
successive axes on alternate sides D The same after it has become 
straightened by grow th The apparent monopodimiv is «een to be com 
posed of parts of the su( eessne ixes 


blanches In the cymose form the lateial axes at an early age 
develop much more Mgorouslj than the primary axis, and each 
gives use to other lateial blanches m a similar uaj (fig 
44, A) In some plants an apparent but false dichotomy is 
pioduced bv the partial or total suppression of the terminal 
bud or mam growing point and the subsequent vigorous growth 
of the closely arranged lateral buds, which so form two shoots^ 
apparently radiatmg^from a common point, as if- caused by the 
diMSion of the terminal bud, as m true dichotomous branching. 
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This suppression of the teruiinal bud may occur naturally, as in 
the Lilac {fig* 39), oi accidentally fiom frost or other injury. 

When two buds aiise just behind the apex and two branches 
aie consequently developed there, as in fig 44, A, the branch 
system is called a dichastiim , when there aie more than two a 
polgchasium results The bianch system m these cases may bo 
called polgpodiaL When, on the othei hand, only one bianch 
IS developed at each point, and this becomes stiongei than the one 
from which it springs, weha\eapbeud-axisor8yw_po<fi?4W formed, 
closely resembling the sympodium of dichotomous branching 
It can be distmguislied from the latter by the fact of the branch 
aiising behind the oiiginal gi owing point, and not fiom its 
division The sympodium may be helicoid oi scorpioid as in 
the othci case The blanching of many forest trees is of this 
kind 

The pseud axis as hist foimed is crooked, and shows its 
mode of formation {fig 44, B, C) As it gets older the continued 
giowth and thickening of its successne parts cause it to become 
stiaight {fig 44, D), and it is then veiy difficult to distinguish it 
from a monopodiuin, particularly when the leaves ha\e fallen off 

These modes of branching will be again alluded to under the 
head of iNtLOREscLNCE, or the ariangement of the flowers, m 
which connection they will be more fully lUustiated 

All lateral or axillary buds are called tegular or and 

then arrangement in such cases is necessarily the same as that 
of the leaves As branches aie formed from buds thus placed, 
it should follow that their arrangement should also correspond 
to that of the leaves This corresponding symmetry, howevei , 
between the arrangement of the branches and that of the leaves 
IS interfered with from various causes. In the first place, 
many of the regular buds may not be developed. Secondly, 
othei buds may arise irregularly at various other points than 
the axils of leaves . these are called, from then abnormal origm, 
adventihom* And, thirdly, accessor ij buds may be formed. 

1. Non-development of the Begular Buds — This frequently 
takes place iriegularly, and is then owing altogether to local or 
special causes, want of light, too much cro>\dmg, oi bad soil 
may cause many buds to become abortive, or to pensh after 
having acquired a slight development. In other oa^es, bow* 
evori this non>development of the buds takes place m the most 
regular manner , in Firs, for example, where the leaves are veiy 
closely arranged m a spiral manner, the branches, mstead of pre* 
seating a similar arrangement, are placed m circles around the 

VOL. I D 
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axis at distant intervals. This arises from the non-de\elopment 
of the buds of many of the leaves which form the spue, which is 
followed by the development of those of closely succeeding lea\ cs , 
and as such leaves are thickly placed, we are unable, after the 
development of the branches, to tiace cleaily the turns of the 
spire, so that the branches appear to be airanged in a cncle 
2 Adventitious Buds ^ — These have been found on \aiioub 
parts of the plant, such as the root, the woody portion of the 
stem, the leaves, and other organs When a tree is 
larded— thsit is, when the mam branches and the ape\ of the 
trunk aie cut off, and a great quantity of nutiitnc material 
subsequently accumulates in the latter — a multitude of adven- 
titious buds are formed, from which branches aic developed 
The branches thus produced by poll aiding are, however, often 
supplemented by the de\elopment of regular buds which have 


Fig 45 


Fig 46 



lig 45 Leaf of Bryophullum ialytinum with budt> on margmi; — 
fig 46 A portion of the leaf of Ot nithogalum thyi aoidenm^ showing buda, 
6, h, b, on its surface 


become dormant from some cause having at hist mteifercd 
with their growth 

We have seen that normally leaves do not gi\e use to othei 
leaves or to branches Occasionally , m consequence of wounds, 
the latter do aiise, and, indeed, aie often produced artihcially, 
on various leaves, such as those of species of Gesneia^ 
Gloxinia^ and Begonia They are cut m vaiious places and 
subsequently placed m a moist soil, and exposed to the other 
intluences which are favourable for the growth of buds. The 
branches developed on the leaves, m such cases, ultimately form 
independent plants, and this process is therefore constantly 
resorted to by gardeners as a means of piopagation. These 
adventitious branches differ from those commonly produced m 
the axils of leaves, or at least from those which remam dormant 
during the winter, m bemg smaller, and having no externaU 
protective organs or scales {figs* 45-46) 
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S Actesifory Budb — The thud taube of iriegulanty m the 
distribution and appearance of branches aiises troni the multi- 
plication of buds in the a\ils of leaves. Instead of one bud, 
we have in lare cases two, thiee, oi moie, thus situated {Jiys. 
47 -49) , such arc called attcbnory biula These buds may bo 
placed eithei one above aiiothei oi side by side In certain 
Willows, Poplais, and Maples, we have thice buds placed side 
by bide {Jiy 47, a), which fieqiicntly give use to a coirespond- 
mg numbci of branches. In bome Aristolochias, in Walnuts 
(Jiy, 48, h)f m the Taitaiian Honeysuckle {ft(j 49, 5), and 
othei plants, the accessoiy buds aic aiiangedone above anothci. 

Eio 47 Fia 48 Fio 49 




1 ' k 7 47 Briutliol a spetut. of Miple with three butlfc, 

rt-, pi iced side by Mdc i-K/ 18 A piece of 4| 

lirauch ol tlit Waluut tict p The petiole having 
in itb axil a iiumbci ol budb placed one ibove the 

titlici, the uppcmiobt, most dcvclopctl /n/ lU 

V piece of i branch of the Jartariaii Hout^bUckl' 

( I onueui latUuua), btaiiiig a leal,/, witli numerou'' 
Imdb, h. III its axil, placcU above one mother, the 
lowciuiobt being the most developed 


Sometimes the uppeiniost bud alone develops (Jig 48, b), as 
m the Walnut, and eo the blanch which is foimcd aiiscs at a 
point on the steni higiiei than the axil of the leaf, and appears 
as if it were on the mteinodc. It is not leally so, as the node 
IS longei than a noimal node The leaf is then said to be 
extra axillari/ In the Tartarian Honeysuckle (fig 49, b), the 
axillary or lowest bud is that which forms the stiongest branch, 
over which a numbei ot smaller blanches are placed, arising 
fiom the development of the accessory buds. In some tiees, as 
the Laich and Ash, and frequently in heibaceous plants, such 
as the Asparagus, the branches which are formed from the 
accessory buds, which are t>ften very numerous, instead of 

i> 2 
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remaining separate, fuse together laterally as they grow, and 
develop as a broad, Hat, and apparently single branch Such 
abnormal branches aic commonly called faacuited. Fasciated 
branches may, how evei, be produced by a single dud develop 
mg in an irregular manner 

In some cases, as in Cast uUi^ seveial buds occui in the axil 
of the same leaf, owing to the blanching of the oiigmal single one. 

Besides the three pimcipal cases mentioned of abnormal oi 
nicgulai development of the branches, some minor ones aie 
met with arising fioiii the foiniation of tJLtni-ajullat y blanches 
in othci wa^s than those just alluded to The branch may 
adhere foi a short distance eithei to the stem oi to the leaf 
stalk, causing curious apparent displacements 

Sometimes the subtending leaf is suppressed, as in many 
intloiescences, where the flowei seems to spring fiom the stem 
(pute independently, in some Mosses the normal position ol 
the blanch is at the back of the leaf instead ol in its axil, in 
others it arises at the side of the leaf These variations follow 
the mode of division of the cell from which both leaf and branch 
originate In some of the higher plants, both in the Vascular 
Cryptogams and the Flowering Plants, each branch appeals by 
the side of a leaf In others there is no i elation at all between 
the oiigins of the two members, as m Lytojjvdiam Floral and 
scaly leaves, moreover, do not bear blanches m then axils 

Adventitious shoots sometimes arise from loots, as may be 
observed in many Eoaatecey the Moutan Pieony, the Japan 
Anemone, and many other plants They may m many cases be 
artihcially stimulated to appear , if the root be wounded, it will 
often produce them, much in the same way as do the leaves ol 
Begonia The Blackberry under such circumstances will pro 
duce shoots from its roots, so freely indeed that the plant can be 
propagated by root cuttrngs. 

Forms ot Stem and Branches — The stem is usually more 
or less cylindrical, though this is far from universal In many 
herbaceous plants it becomes angulai, and m some, particularly 
in those of certain natural orders, as the Cactacece^ Oi chidacece^ 
EtiphorhiatecB, ka , it assumes a variety of anomalous forms. 
In many epiphytic Orchids it becomes more or less oval 
Ol rounded, and has received the name of jpseudo-hulh {fig 
83, b, h) , in the Melon-cactus it la globular , and in other 
Facti it IS columnar, more or less flattened, or jointed. In the 
Tortoise or Elephant’s-foot Plant (Tea^dinana elephanhpeif)^ 
It forms a large rough irregular mass* 
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In general, stems aie strong and iigid, and can therefoio 
jeadil> sustain themselves in an npiight position , but man\ aie 
too weak to support themselves , these either tiail along the 
giound, 01 attach themsehes to some othei plant oi neighbour 
mg object. Those vhicli trail on the giound aie said to be 
piocnmhrnf or jnosfratry if when thus lechning the\ use to- 
wards their extiemity, the^ aie decnmhenf , if the\ use obliqueh 
from neai the base, a^cnidinq Thosi' ivhich cling to neigh- 


PiG 50 Fig T)! Fig 52 



Fm 61 Tu ininpr ‘?tem of Honeysuckle 


bouring plants oi othei objects for suppoit are called chmhinq 
if they proceed in a more oi less lectilmear diiection, as in the 
Passion flower, where they adheio to othei bodies b^ means of 
little twisted ramifications called tendiils, or m the Ivy, wheie 
they emit little aerial loots from their sides, by which the\ 
cling to neighbounng bodies {fig 50, a, o) If such stems t\\ ist 
r^iund other bodies in a spiral mannei, they aic said to be 
twimng ; ahd this twining ^may take place either from right to 
left, as in some Conyolvuli (fig 52), Fiench Bean, and Dodder; 
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01 fioni left to light, as in the Honeysiiekle ( fiq HI Hop, and 
Black Bivon^ ; oi hist in one diiection and then n anothei, 
irregularh,asin the White Br>on\ The climbing and twining 
cjteras of cold and temperate legions aie generalh heibaeeous 
or die annually, although i\e have exception*^ in those of the 
Clematis, and Hone^ suckle, which are wood's Tn tropical 
climates these i\ood\ climbing and twining steins often occur, 
they are called haiutft oi and the\ fiequcntls ascend to 

the tops of the loftiest tiees, and then eithei descend to the 
ground again, oi pass to the blanches of neighbouring tieet- 

The stem has received many names according to its nature. 
It 18 called a cauh'i m plants which are herbaceous, oi die 
down annualB to the surface of the ground, a fiaa/t, in trees, 
where it is wood\ and peiennial , a f ?//«?, in most Glasses and 
Sedges, whole it presents a ]0inted appearance, and a 
oi in Tree-ferns and Palms 

S]nuh<i, and Tirr^ — From the nature, duration, and 
mode of blanching of stems, plants have been arranged from the 
earliest periods in three diMsions, called, respectneh , 

Shrubs^ and Tiee<t Those plants which have stems that die 
down annually to the surface of the ground are called lierhfi , 
while those with perennial aeiial wood> stems are denominated 
hees or shrubs according to circumstances, aa described below 
Herbs are also further characterised as annual y hxennialy and 
peienmal They are annual when they Ine onh through 
one season, that is, between the spring and winter, bienmaly 
when they spring from seed in one season, and die m the 
second, after producing flow^ers, fiuit, and seed , BXidi perennial y 
when the^ spring from seed in one season, and continue to li\e 
through a succession of years, the sub aerial parts dying down 
m the autumn, and in the succeeding spiing now herbaceous 
stems growing up The term iiee is applied if the branches 
are perennial and arise from a trunk When the branches aie 
perennial and proceed directly horn, oi near to, the surface of 
the ground, without an\ trunk, or where this is very shoit, a shiub 
18 formed , this, when low" and branched very much at the base, 
18 denominated a hush The term undrrslunh is applied to a 
small shrub which is intermediate m its characters between an 
oidmary shrub and an herb , in such a plant some of its branches 
generally perish annually, while others are more or less permanent 
All thes 6 kinds of stems are connected by intennediate links, 
so that in many cases they are by no means well defined. 

The shape of a tree is very largely dependent upon its method 
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of branching When the latter is distinct^ and continuous!}^ 
racemose, the axis being prolonged upwards in a straight line 
from base to summit and the lateral branches growing acro- 
petally from its sides and branching similarly themselves, \\ o 
have trees of pyramidal form, as most Firs When, on the other 
hand, the branching is cymose, the head of the tiee becomes 
more or less rounded, as we see in many of our foiest trees In 
the case of racemose blanching, the stem is technically said to 
be excurient , in that of cymose blanching, dehquescent 

The shape of a tree depends not onl} on the character of the 
branching, but on the nature of the branches and the angle they 
make with the stem from which they arise We see illustrations 
of this if we compare the Cypiess and the Cedai, the Oak and 
the Lombardy Poplar A yeiy peculiar form is met with when 
the angle of the brancl\cs is yei\ obtuse, and the lattei bend 
downwaids from then oiigin, as m the Weeping Ash and 
Weeping Elm. A similai appeaiance is presented by the 
Weeping Willow and the Weeping Birch, but m these cases 
the drooping of the branches is due to their weakness and 
flexibility 

In many of the tiees with excuiient stems the lower branches 
perish comparati\ ely eaily, instead of growing out to great 
length. The tree, instead of being pyiamidal in form, then has 
a naked trunk of some length, as may be seen m many fir trees 

Kinds of Stem and Branches — We ha\e seen that the 
stem yhen first deyeloped always grows upwards, while the 
loot at the same time glows downwards In many instances 
this original direction of the stem is continued more or less 
throughout its life, but there are manv cases m which, for various 
leasons connected with the habit of life of different plants, this 
does not take place, the stem being cuiiously modified to serve 
different purposes Sometimes it oi some of its branches 
remain underground, and look very much like roots, from 
which, howevei, they can be distinguished by bearing leaves. 
From these peculiarities in thei direction and growth of stems 
and branches, we have a number of modifications needing 
description These are best treated of under two heads, namely, 
those which are aei lal^ and those which are aubferrcmecm. We 
can, however, by no means draw a distinct line between the 
modifications of stem which these two divisions respectively 
^contain, as certain forms occasionally pass fi:*om one into the 
other, being subterranean p.nd aenal at different points, or at 
different periods of their Cdtirse. 
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1 Aerial Modifications of the Stem and Branches — Of 
these the more important are the 'innnei% the offset^ the stolon, 
the sucker, some forms of the iJiizome, the 'phylloelade, and the 
thorn. Certain forms of tendril maj be included here. The 
fiowei IS also a modified shoot The ihizome is usually sub« 
terranean, and will be desciibed later 


Fio 63 



Fig 63 A portion of the common Strawberry plant a' An axis producing 
a tuft of leavesi at its extremity, the upper of which, r, are well developed 
and green, and the lower rudimentary From the axil of one of the lattei 
a second axis or runner, a", arises, bearing a rudimentary leaf,/', near the 
middle, and a cluster of leaves, r, at its end a' A third axis produced 

in a similar manner to the former / f Roots or lootlets Fig 64 

Offset of Sempervivum Fig 65 Plant showing the process of layering 

a. The Runner or Flagellum (fig 63). — This is an elongate^ 
slender, prostrate branch, a\ sent off from the base of the stem 
and giving off at its extremity leaves, r, and roots, /, and thus 
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pio(liicin^< a new plant, which extends itselt masiiiiilar iiiannei 
The common Stla^\bclry propagates itself m this fashion 

b The Offset (fig 54) — This is a short, piostrate, more oi 
less thickened bianch, which produces at its apex small loots 
and a tuft of leases, and thus forms an independent plant, 
which is capable of piodiicing othei offsets m a like mannei 
It IS well seen in the Houseleek Tt difteis \er\ little from 
the oidmary lunnei, except in being shoitci, somewhat thickei, 
and having its leaves distmcth tufted 

e The Stolon - This is a blanch which is gnen off abo^e 
the suiface of the earth, but which cur\es downw^aids towards 
it, when it reaches a moist spot it sends lootlets into the 
giound, and a stem upwards into the air , bemg thus capable of 
acquiimg food independently of its parent, it ultimately foims 


Fm 50 Fio 57 



Ftqs 56 and 67 Sucker'* of Bpecie*; of Mentha 


a new individual The Cniiant, Gooseberi^, and other plants, 
multiply m this w ay All such plants are said to be Htolomfci ons 
Gaideners imitate this natuial foimation of new induiduals 
when they press dowui a branch into the earth, a new plant 
being ultimatel.5 formed from it , this process is technically 
called layering (fig 55) 

d The Sucler (figa 56 and 57) — This is a branch which 
aiises fiom the stem below the surface of the earth, and which, 
after proceeding in a horizontal direction for a certain distance, 
and giving off little loots or rootlets m its course, turns upwards 
into the ail, and ultimately forms an independent plant. Good 
examples of this kind of stem aie seen in the Rose, the Rasp 
berry, and the Mint. The suckei can scarcely be said to diffei 
in any essential particulars from the stolon, except that it is 
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original! ^ subterranean and ultimateh aerial , wheieas the 
stolon 18 first aerial, and then subterranean 

e The Phylloclade , — In some plants the leaves are ver> 
feebh developed and soon fall off, or are modified into spinous 
oi needle-like processes In such cases the stem performs the 
functions of the leaves, becoming gieen and assuming a 
flattened oi rounded foim Such a stem is cslled a phyllocladr 
Examples ma^ be seen in many Cactuses, wlioie the stem is 
either globular, oi composed of flattened oi round ]oiiits, oi ot 
winged columns In certain the ph>llocladc has the 

shape of an ordinary foliage leaf, from which it can be dis 
tinguished by beaiing lea^es and flo\\eis, cithei on its maigins 

Fio 58 Fig 59 Fro (10 



Fiq V\\\\\oc\tn\e ol Ru\ciis a^uleatiis /, Itnf i»li\lloclaae /, dowel 

Af? 69 Blanching thorn of the Honoj ^ ocmt (Oleditschin) Fig GO 

Leafy thorn ot the common Sloe 

or at some point on its surface Such a bianch consists of only 
one mternode , it is soft and pointless m Mtjmjihyllnw , firm, 
hard, and spiny at its apex m Bvscus aculeahia {fig 58) Its 
stem -character can be seen also fiom its ansing fiom the axil 
of the true leaf, which is very small and soon falls off Phyllo 
clades of this kind have also been called cladode^ 

f The Thorn— It sometimes happens that a normal bud, 
instead of developmg as usual, and producing a symmetiieal leaf- 
beanng branch, becomes anested in its growth, and forms 
a hardened simple or branched projection terminating in 
more or less acute point, and usually bearing no leaves, as in 
Cratagua, Qleditachia (fig, 59), and many other plants. Such 
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an irregulaily developed bianch is called a thorn That the 
thorns are really modified branches is proved not onlv bv then 
structure, which is exactly the same as the stem or branch upon 
which they aie placed, but also by their position m the axils of 
leaves , by their sometimes beaiing leaves, as in the Sloe (fig, 
60) and Spiny Rest haiiow , and bv then being fiequentlv 
changed into oidmaiv leaf-bearing blanches bv cultivation, as 
in the Apple and Pcai Thoms aic sometimes confounded 
with prickles, but thev aic leadily distinguished fiom these bv 
then stiuctuie and connection with the mteinal paits of the 
stem , the piickles being ineiely foimed of hardened paienchynia. 


Fio bl Fm 62 



rtq 01 A poition of tlio stx^ui of i’ v TdulriN 
Fuf 02 Pnrt of the stem of the Vine v v, v TendnW 


aiising immediately from, and m connection onlv with, the 
epidermal tissue and cortical cells beneath. Thoms must not 
be confused with which aie prickly bodies arising gener- 

ally upon the margins or apices of leaves, as m the Holly 
Sometimes a w'hole leaf is metamorphosed into such a spine 
Both these modifications serve as means of defence of the plant 
against the attacks of biowsing animals. 

g The Tendril — Anothei iriegularly developed branch is 
Jihe tendril oi ciTihus this term is applied to a thread-like 
leafless branch, which twirv^s itself spirally round some support- 
ing body, as in the Passiati -flower (fig 61, v, v). Its peculiar 
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characteiistic is that it is sensitive to contact with a foreign 
bod\, such as a stick oi similar object, and when thus excited 
it coils lound it Tendrils may be also observed m the Vine 
{fi(f 62, r, e, r), wheie the\ are the teimmations of separate 
axes 

Tendiils are occasionalh piodiiced fiom leaies and some 
other oigans of the plant , these pecuhaiities will be leferied to 
heieaftei, in the description of tliose oigans of which the> are 
lespectively modifications 

2 Subterranean Modijications of the Stem and Branchfs 
All these modifications of the stem and blanches were foimeil> 
confounded with roots The^ are distinguished, how evei, from 
loots, eithei by the piesence of buds or of scales {catajjhyllarif 

Fio 03 Fm 64 



Fig 63 A portion of the ihizome ot a '^pecies of Ins Fig 64 A portion 

of the rhizome of the Solomon’s Seal (Polpgonatum multiflorum) b Re 
mains of the flowering stem of the present year b' Lateral bud, which 
will produce the flowering stem of the next year c, c Scars produced bj 
the decay of the flowering stems of the two preceding year® r, r Root 
lets The whole rhizome is a =ympodlum 

leaves), oi by the piesence of seals on then surface W’hich aie 
produced by the falling off of forinei leases or buds. The dif- 
feient kinds of aeiial stems desciibed above, when partially 
subterranean, ma^ be also distinguished in a similar mannei 
fiom roots 

a The Rhizome or 'lootstock {iiqs 63, 64, and 65). — This 
18 aprostiate thickened stem or bianch lunmng along the smface 
of the ground, oi nioie geneially partly or entirely beneath it, 
and giving off small loots oi rootlets fiom its lower, and leaves 
and buds from its upper side. These stems sometimes creep 
for a long distance in this wav, and have their upper surface 
then marked by scars {fig 64, c,c), which mark the limits of 
the successive annual grot\iihs or aenal shoots. Such stems are 


GENEKAL MORPHOLOGY OF THE PLANT 4o 


found m the Iiis, Sweet-Hag, Ginger, Turmeric, Solomon’s Seal, 
Fern, and many othci plants In some cases these ihizomes aic 
placed in a vertical direction iii the earth {eiett ^hu^onien)^ and 
they then bear a gieat resemblance to loots, as m the DcmI’s 
bit Scabious {Stcibwba buctim)^ wheie such a ihi/ome is com 
inonly but erroneously known as a pi cbniotbc toot (fitj 66) 

The ihizome may continue to elongate at its apex through 
out its lite as m the lhacken Fein, or the ape\ may giow out 
into an aeiial shoot, while a bud is toimed lateially in the a\il 
of a leaf at its base This continues the elongation of the ihizome. 


Fig ()5 


Fig ()6 




/■!(/ b5 Contorted rbuouit ot Bistort la) -/<;/ bb 

Prcbinorse rliizouit ot tlit- Devil’s bit Scabious (iitabiosa 


causing the lormation of a svmpodium, as in Solomon’s Seal 
( ti(/> 64) 

b The Cteepiiuj Stem (Ji(/ 07) This kind ot stem is a 
slendei blanch which runs along beneath the suiface of the 
eaith, emitting small loots fiom its lowei side, and buds fiom 
its uppei, in the same manner as the ihizome, and it is con- 
sidered by many botanists as a \aiiety of that stem The only 
diffeiences existing between the ciecping stem as dehned abo\e 
and the ihizome aie its moie slender form, its commonly greater 
length, and its entirely subterranean com sc The Sand Sedge 
{Carex arenarta) {fig, 67), and the Couch Grass {Tnticum 
rejpens), aflord good examples of this stem In some instances 
such stems serve useful purposes m nature ; those of the Sand 
Sedge or Carex, by spreading thiough the sand of the seashore 
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and m thi*;. way binding it together, pre\ent it from being 
washed away by the receding waves Otheis, on the other 
hand, hke those of the Couch Grass, aic the pest ot the agri 
cultiiiist, who tnids it \eiy dithcult to destioy such bteiiis by 
cutting them mlo pieces, foi every node is capable of developing 
a leaf-bud and loots, and theiefoie each of the pieces into winch 
they may thus be divided will become an inch pendent indi- 
vidual Such a piucesb, instead of destio>ing the plants, only 
selves the pin pose oi still finthei niultiplung them bv placing 

Fig 07 



I uj 07 Cruepuig ''ttui of tbt smd C ut\ (larti uienamO 3 lermiiidl 
bud hy which the t-tcin eoutiuiKs to elongate 2, 3, 4 Shoots piodueed 
irom formei buds 

the separated paits uudei moic faNourable ciicuuibUnces lor 
dev clopment 

c* Tht Tabtf (/n/» 68 .iiul bli) —This is a subkiianeaii 
stem or bianch, auested in its giovvth,aiid excessivelv enhuged 
by the deposition ot staich oi othei imtiitious substances in its 
tissue It has upon Its suilace a variable number of little 
buds, 01 eyes, as they aie sometimes called, from which new 
plants aie ultimately formed The piesence of these buds 
indicates its natuie as a kind of stem It is a modification 
which has for its purpose the propagation of the plant. 
Numeious tubers are formed on each parent plant, becoming 
separated from it at maturity Each gives use to one oi 
more young shoots fiom its buds During the foimation oi 
development ot the tuber a large amount of starch and other 
nutritive mateiial is stored in its substance to support these 
young shoots during their early development till they etnerg*e 
into the air, expand their leaves, and put out adventitious 
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loots The purpose ol the modification is siimlai to that of 
the fleshy biennial root, which has alieady been described 

Fio. 68 



Fio bH lubci u uf the t oiiimoii Potato { >Sol<(nnm (ubf) omini ) 

(page 21) The Potato (/u/ 68) and Jeiiualem Artichoke 
{fiq 69) aflord good illustrations of tubeis 

Though noimally glowing undcigiound, tubeis sometimes 
appeal m the axils ot cauline leti\cs This is gencially a con- 
sequence of the destruction 
of the subterranean tubeis 
In ceitain plants, such 
as some epiph^ytic Orchids, 
a portion of the tmh atnal 
stem may be thickened, the 
thickening sometimes being 
confined to one mtcinode, 
sometimes extending to moie 
than one This thickening, 
which resembles a tubei, is 
often spoken of as a pseudo- 
htdb {Jig 38, hi) 

d. The Bulb — This is a 
shortened, usually subter- 
ranean stem or branch, generally in the form of a rounded or 
flattened plate or disc (Jigs, 70-72, «), which bears on its surface 
a number of fleshy scales or cataphyllary leaves, or it may 


bn. 



Fig 60 Tubers of the Jeiubuleiu Aiti- 
Oxvks. ( JJHiaiUhus tube/ osus) 
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be considered as a bubteriaiieaii bud of a scaly nature which 
sends ott loots oi lootlets fiom below (pf Tl, 6),andalloweiing 
stem upwards {Jkj 70, and fig8 71 and 72, d) The scales 
aie generally iiioie oi less thickened b\ deposition of nutritive 
matters, these, theretoie, become icseisoiis ot nutriment for 
the future use of the plant, just as m othei cases the enlaiged 
stems and loots serve a similai pmposc The tiue bulb is onl;v 
found in Monocotyledons, .is in the Lily 71 and 72), 

Onion {pf IS)^ and Tulip The scales of a bulb, like the 
leaves of s blanch, often have new bulbs developed in then 
a^ils {fi(f 70, h) these aie called by gaideners ilovea, and 
tlien presence is an additional pioot of the lioinologv of a bulb 
with a blanch ot bud 


Fig 70 Fig 71 Fig 72 



l tg 70 Vertical bectioii ol the scaly bulb ot the Lily a Shoiteuud axis 

or bteui b Lateral bulb or clove p Floweiiu^r stem c Scaleb 

ti() 71 Vertical faectiou of tbt scily bulb of the L 1 I 3 Fig 72 Scaly 

bulb gf the Lily a Shortened vx is or ''tern b librous loots c Scales 
d Flowering btein The letteis letei to the same parts in the two latter 
ligure>< 

Bulbs may be commonly distinguished as tunuated ypj 
70), and scaly {pjs 71 and 72) The tanicatcd bulb is well 
seen in the Squill and Onion {Jiy 73) In this kind of bulb 
the inner scales, which are thick and fleshy , enclose one 
another m a concentric manner, and arc covered externally by 
thin and membranous ones, which form a covering or tunic to 
them ; hence the name tunicated 01 toatedy which is applied 
to it. In the scaly 01 naked bulb (fiys 71 and 72) there aie no 
outer dry scales , it is composed of thick, fleshy leaves, vv Inch 
overlap one anothei 

The young bulbs (doves) (Jig 70, 6), which aie developed 
m the axils of the scales of bulbs, m some cases renfam 
attached to their parent, which they then commonly destroy 
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by absorbing all itb stoied-iip nutiiment , m others they become 
separated in the course of growth, and form independent plants. 

Small bulbs are sometimes developed m the axils of aerial 
leaves They aie buds whose leaves have become fleshy 
They separate fiom their paient and produce new indiMduals 
The same phenomenon has been mentioned as occurimg in the 
case of tubers, These aerial hidhs^ oi hnlhUy aie met uith m 
some species of Lily ( fig 74, a, a), the Coialwort (Deufai la hulbi- 
feia), and Pilevoit {Ma7iunnthn Ficmia), 

V TJir Coinu — This form of stem, like the tiue bulb, is 
chiefly found m Monocotyledons, as the Colohicum {fiq» 77) 
and Ciocus (figs IT) and 7fl) It is an enlaiged solid subtei* 

Fto 7a Fm 7i 



/t <7 7J Tumcate<l bulb of tbe Onlou — -lig 74 Stem of a species of Lily 
(Lilium brtlbiferum) boaruiK bulbils or bnlblet'^, o, «, In tbe axils of its 

leaves 


ranean stem, lounded in shape, composed of two oi more mter- 
nodes, and commonly covered externally by a few thin mem- 
branous scales or cataphyllary leaves It diffeis from the bulb 
b\ the stem becoming large and fleshy, and the scales being 
i educed to thin niembianes. The comi shows itself to be a 
kind of stem b^ pioducmg from its surface one oi more buds, in 
the form of >oung corms, as in the Crocus {fig 16^ h)y where 
they proceed from the apex, c, and ultimately destroy then 
pa^^ent by feeding upon its accumulated nutriment. These 
new corms, in the next year, produce others near their apices, 
and these by developmg at the expense of their parents edso 

VOL I E 



J HI 75 Coiuis of Ctocii^ wtivus T|ic now conns ari«iinf? fiom c, the 

apex of the old or parent coim —Pin 7<» Vortical eootion of the fonnoi 
The letters ufer to tho samo pnrt^. 

now corms, as theyaie successively developed fiom tho apices of 
the old ones, come giadually nearei and nearer to the surface 
of the earth 

Fio 77 Tn the Colchicum ( fiq 77), the new 

conn a"' is developed on one side of the old 
conn neai its base, instead of fiom the ape\, 
as in the Cioeus This also feeds upon its 
paient, and nltimateh destios it, and is m 
like manner destroyed the next 's eai b% its 
onn plogen^ When we take up such a 
conn caiefulU, we can find the shrnelled 
conn of last ^eai {iuf 77, n), and that 
of the piesent season, which, if cut \oi 
tically, shows next real’s coim in a 
'S oung condition 

Another type of the conn is found m the 
Roots^or^'i^t- claiiien It IS a fleshy expansion of the 
lets / Leaf a l,ase of the seedling stem w'hich thickens 

Shrlvelleil remamsi , y i , 

of ia«t vear’s corm and enlarges ^ ear b\ year, but does not 
lengthen, thus becoming a broad thick bod\ 
Commencement of The thickening 19 confined to the first intei 
the^corm of next It bears annually lea\es and flowers 

fiom its apex, which may be found at the 
centre of the upper surface The Jow'er surface produces roots 
This kind of corm is always naked, producing no leaves except 
those of its apical bud# 
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Like the tuber, the bulb and corm are modifications whose 
purpose 18 the propagation of the plant. 

Section HI — The Shoot {contmued), 

B The Leaves, 

1. GENERAL DESCRIPTION OF THE PARTS OF THE LEAF 

We have seen that the \egetati\e appendages which arise 
upon the stem are of two kinds, those which are hhe and those 
which aie unlihe the axis itself. A leaf ma\ be defined as an 
appendage borne upon an axis from which it differs in its 
stiuctuie and oigamsation Like the stem itself it is capable 
of branching, and its branches show similai modes of origin to 
those of the branches of the axis. The ultimate shape of the 
leaf, indeed, may be traced to its behaviour in this respect. It 
diffeis from the stem m the degree to which its branching may 
be Gained, seldom showing blanches of moie than the second 
or third order 

The pait of the stem oi branch fiom which a leaf arises is 
called a 7 wde, and the space between two nodes an intemode. 
The portion of the leaf next the stem is termed the hase^ the 
opposite extremity the apex^ and the lines connecting the base 
and apex the margins The leaf, being commonly of a flattened 
nature, has onlj two surfaces, but when succulent it has 
frequently moie than two The teims upper and lower are 
applied to the two surfaces of ordinary leaves, because in by far 
the greater number of plants such leaves aie placed horizontally, 
so that one surface is turned upwaids, and the other downwards 
There aie certain leaves, howevei, which are placed vertically, 
as those of some species of Eucalyptus^ in which case the 
margins aie turned upwards and downwards instead of the sur- 
faces The angle formed by the union of the upper surface 
of the leaf with the stem is called the axil^ and everything 
which arises out of that point is said to be axillary to the 
leaf , if anything sprmgs from the stem above oi below the 
axil, it is extra-axillary , or, as more generally described when 
above, supia axillaiy , w'hen below, infra axillary 

Duration and Fall of the Leaf — The leaf varies as 
regards its duration, and receives different names accordingly. 
Y^hen it falls off soon after its appearance, it is said to be 
fugacious or caducous , if it lasts throughout the season m 
which it is developed, it iB^eciduous or annual; if beyond 

E 2 
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a single season, or until new leaves are developed, so that the 
plant IS nevei without leaves, it is 'persistent ^ evergreen y or 
2^erennial 

Tlie parts of the leaf -The axis of the leaf may be termed 
a phyllopodium , it is capable of very varied development, and 
its legion of active growth is seldom altogether apical as in the 
stem axis It commences apically, but this apical growth is 
usuallv superseded by a basal growth, which continues after the 
former has ceased This is especially well seen in the long 
narrow leaves of many Monocotyledons 

In the phyllopodium three regions may be distmguished — 
the so called leaf hase^ or hypopodiuniy comprising that part 

Fig 78 Fig 79 




Fig 78 Atnplexicaul base of the leaf m Fool’s Far'^leN — Ftij 79 Sheathing 
leaf of a Grass 

which is attached to the stem , the laminay or epipodiniUy which 
IS the usually flattened terminal poition, uhich forms what is 
often alluded to geneially as the leaf proper , and an inter 
mediate portion, the mesopodxnm oi petiole Eithei the epi- 
podium or the mesopodium maA be absent 

The leaf in one oi all of these legions generally takes the 
form of a flattened expansion, owing to the distribution of 
growth in the phyllopodium leading to the development of a 
thin wmg along two of its sides in a lateral plane. This wing 
IS usually, though not always, confined to the epipodium, which 
consequently is generally the flat part. The branches of the 
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epipodium, when present, are also winged, and the relative 
development of the mam axis, its branches and their wings, 
causes the vaiious foims of the leaf -blade 

In the bimplest foims of leaf the phyllopodiuni does not branch 
noi show an> division into the three legions spoken of It is then 
a cyhndiical stiuctme as m Pilularta and Sedmu, oi a flattened 
one with no evident wings as m many Monocotyledons, or a 
winged one as in some of the Gymnospeims When it branches, 
the blanches usually arise upon the epipodium, and aie de\ eloped 
either acropetally oi basipetally, accoiding to the position of the 
growing pait 

In leaves which show a ditfeientia- 
tion into the thiee legions spoken of, 
each region shows certain pecuhaiities 

The Hijpopodium ot Leaf -base — 

This is often \ery diflicult to distiii 
guish from the stem The tissues of 
both are continuous, and unless some 
outwaid peculiarity appears the two 
cannot be accurately delimited Very 
often, howevci, the point of union of 
the two is marked b> a swelling of the 
hypopodium forming a soit of cushion 
called a pidmnus^ and m some cases 
it appears as a definite articulation 
When the leaf base is broad, this 
swelhng extends foi a consideiablo 
distance lound the stem Such lea\cfe 
can be detached very readily, and 
leave a kind of scar which can be 
noticed on the stem aftei the leaf has 
fallen off {fiq 37). This cushion may 
form a kind of sheath, almost em- 
bracing the stem, as m the common Pelargomum It may bo 
somewhat membranous and completely encircle the stem, as in 
the Fool’s Parsley {fig 78), These modes of arrangement are 
known as aerm-amplexicaul and amplexicaulf respectively. 

Frequently the leaf-base beais a pair of lateral branches, 
which often become winged like the epipodium, but may assume 
other foims These are known as stipules They have the 
game structure as the blades of leaves The> are often over- 
looked from their small size , sometimes, bowe\er, they are very 
laige, as m the Pansy (fig 81), and in the common Pea (fig, 82). 


Fig ho 



/ &{) A portion of a braucU, 

r, of the common Roso 
(Rosa camna) a A prickle 
b Bud in the axil of a com- 
pound leaf, with *»talked 
leaflets p Petiole Ad- 
nate or adherent stipules 
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In the leaves of Lathyrua Aphata {fig. 186) the axis of the 
phyllopodmm does not become winged, but the stipules, », s, arc 
here very large and peiform all the functions discharged usually 
by the leaf -blade. 

Stipules cither remain attached as long as the lamina, 
when they are said to be persistent , or they fall oil soon aftei 
its expansion, m which case they are deciduous. In the Beech, 


Fig 81 Fig 82 



t%g 81 Petiolate leaf of Pansy ( Viola titoolot ) with large oaulinaiy stipules 

at its base Aigr 82 A iiortion of the flowering stem of the common 

Pea, ^vlth a pinnate leaf terminated by a tendril, and having two large 
stipules at its base, the lower margins of which are dentate 


the Fig, the Magnolia, &c , they form the tegmenta or piotective 
coverings of the buds, and fall off as these open. 

A curious modification of the normal arrangement of the 
stipules IS seen m plants belonging to the Natural Ordei 
Polygonacem. The two stipules cohere by their outer and innei 
margins so as to form a complete sheath which encircles tl^e 
stem above the insertiou^ of the leaf They form what is known 
as an ochrea (fig. 85, d) The anterior margins are not united 
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in Asiragalica (fig, 83) In HoiUtuijma (fig. 84) the pobteiior 
margins are not united, so that the two stipules are coherent to 


Fi(» 83 Fig 84 



hg 83 A portion ot the stem, >,and leaf,/, of the Astiagalus Unybrichis 

? Stipules Fig 84 A portion of the stem / , and leaf, /, of Hovttuynia 

CO) data « Axillary btipule 


form a foliaccous bod;v which appai entl> stands in the a\il of the 
leaf 

The stipules die sometimes inoditicd to foim spines, much 
lesenibling the thorns of the stem, as in liohtma {fig 87) 

Fio 85 



Fvf 86 Leaf and piece of the bteni of Polygonum Ilydropipet I Lamuiu 

or blade p Petiole d Ochrea ttg 86 A portion of n bianoh, r, 

with two opposite leaves,/,/, of Cephalanthm oertdentaht luterpetiolar 
stipule 

tn manv species of Smtlaa' the^ take the fonn of tondnis 

(J}9 88 ). 
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Stipules are very rare in Monocotyledons, among the 
Cryptogams they are present only in the Marattiaceoe, a group 
of the Feins. When they are absent the leaf is said to be 
exshpulate 

The Mesopodium or Petiole — Accoidmg to the piesence oi 
absence of this portion of the leaf-axis, lea\es arc said to be 
stalked or sessile. When the petiole is present it is as a lule 
more oi less cylindrical, but frequently it is almost semicirculai 
in section, the iippei suiface being flattened and sometimes 
grooved It may be vei\ short oi considerably elongated In 
the Grasses it suriounds the stem m the foim of a sheath ( fiq 79), 


Fio 87 Flo 88 



and where the blade and petiole join there is found a membia- 
nous appendage, lying parallel to the blade. To this the name of 
Ugule has been given. It is eithei entire or incised in vaiious 
ways In the Aspen (Pojndus trernula)^ the petiole is flattened 
111 a line at right angles to the blade, and is thus one of the 
causes of the peculiar mobility of the leaves , m othei plants 
it 18 flattened m a horizontal dnection In aquatic plants the 
petiole IS frequently inoie oi less dilated fiom the piesence of a 
number of air cavities, as m Pontederia ; such petioles, by 
dlmmishmg the specific gravity of the plants in which they are 
found, enable them to float leadily m the water In maii'^ plants 
the petiole is winged like the leaf-blade, though generally not to 
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the same extent. Instances aie found in the Venus’s Fl;y-tiap 
{fiq. 89) and the Orange {jig 90) 

In some cases the epipodiuni is not developed, oi falls ott at 
a very early age. The petiole is then usually vcr> strongly 
winged, and takes on tlie oidinai> function of the blade This 
IS seen in some of the Leguimnosau , Latluji us Nissolia ot the 
British flora is an instance It is much more conspicuous in 
many of the Australian Acacias , some of then leaves show the 
oidinary pinnate foim, otheis aic similai with the petiole 
winged, and others show the winged petiole only, the epipodium 
having disappeaicd Such a winged petiole is called a phi/llode , 
it can bo distinguished fioiii a leaf blade b\ the fact that its 


Fig 89 



Ik, 90 



SO A portion ot the stem \Mth ''omt leavcb of Vtnn^ Fl\ trip ( iHomta 
musctpula) I Lamina p Winged petiole — —Fuj 90 Leaf of OraiigL 
{Citrus Aurantium) p Wuigeil petiole articulated to the lamina, I 


flattened sui faces aie placed laterally to the stem A ph>llodc 
must not be confused with the varietN of stem previously dc 
scribed as a phylloclade 

In some cases the petiole and leaf-base aic winged iii a 
plane at right angles to that of the blade, and the stem also has 
a Wing extending for some distance below each node These 
wings meet at the node and present the appeal ance of the wing 
of the leaf extending down the stem. Such a leaf is said to be 
detun ent An example is seen in some Thistles {jigs, 9d 
and 94) 

The Mptpodium or Leaf blade — As already indicated, this 
p&rt of the leaf shows a very gi eat \aiiet^ of fonu, ranging from 
a cylmdiical outgrowth to a veiy much dissected and flattened 



58 


MANUAL OF BOTANY 


one It usually consists of an axis which shows more or less 
evidence of branching, the axis itself and its several blanches 
either becoming winged, or remaining more or less cylindrical 
Indeed, the epipodiuin of the leaf is a bianch system rather than 
a simple outgrowth 

The mam axis, though often winged, is not always so It 
may be cylindrical in form with the branches oi pinnce arranged 
along it The blanches of the first order also frequently 
remain cylindrical, and their secondary blanches are the only 
flattened portions Sometimes, as m the leaf of the Fennel, all 
the branches are cyhndiical, and there is no flattened expansion, 



the leaf appearing almost filamentous Similai hlamentous 
leaves aie found in some of the Water Crowfoots 

The branching of the epipodium proceeds on the same lines 
as that of the stem , it is dichotomous m some of the Hymeno- 
phyllaceie, a family of Ferns , it is monopodial m many Dicoty- 
ledons, where its branches are produced either acropetally or 
basipetally, according to the position of the region of active 
growth , it IS cymose m many other Dicotyledons It is usual 
to describe the types of leaves derived from the racemose and 
cymose inodes of branching ' m jnnnate oi palmate respectively, 
both showmg considerable variety of form. 

When the axis of the epipodium remains cylindrical, and 
its branches of the first order become separately winged, tlic 
appearance is presented of a number of small winged expan- 
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sions, each attached to the axis and each apparently indepen- 
dent Such a leaf is called compound According to the nature 
of the branching wc get the pinnate or the palmate leaf, the 


Fi(. 03 Fm 91 



F\g 93 Decurreut leaf ba-e of a bpecies of Thibtle a Wiug of stem 
Fig 94 Decarrent leaves of the Oomfrey 


separate branches being called leafleta When the apex of the 
epipodmm of the pinnate leaf is winged like the branches, the 
leaf 18 said to be impanpinnate {fig 91) , when theie is no tei 

Fio 05 Fig 9b 



Ftg 96 Digitate le if of a Lupiii (Palmate type) — Fig 96 Digitate 
leaf of Poti ntiifa 


mmal winged expansion, it is panpmnaie {fig, 92). Various 
f^rms of leaves of both types will be described latei 

When the axis is winged as well as its branches, the wings 
of both aie usually more or less united, giving use to the 
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appearance of a single much-divided lamina Such leaves, 
howevei much divided, aie classed as 8i7nplG leaves In many 
cases with much-branched epipodia the mam axis and the 
secondary axes aie not winged, while the tertiary axes and 
the ultimate blanches aie both winged, and show a fusion of 
the wings, as m fig 97 Such a leaf shows a combination of 
the simple and compound foims, it is common among the 
Umbelhfeiie 

The fusion of the wings of the axis and its blanches shows 
almost eveiy stage of completeness from the so-called compound 
leaf to the simplest flattened expansions Indeed, m nianv of 
the latter the only indication of blanching that can be noticed is 


Fig 97 



foiuid in the disposition of the vascular bundles which entei 
each branch, giving rise to a pinnate or palmate venation, as 
will be descnbed later 

When the fusion of the wings is not complete, the several branches 
are known as lohcb It is usual to give different names to the 
apparent divisions of the leaf based on the degree of the fusion, 
if they leach to about midway between the margins and midrib 
{fig 113), 01 petiole {-fig 102), they are propeily called lohe'i, and the 
Intel vals between them fissures , m composition the teims -fid or 
-clejt are used , if the divisions reach nearer to the base, or midiib 
{fig 09), they are termed and the leaf is partite , if almqpt 

down to the base, oi midiib, they aie called segments {fig 100), 
and the leaf is dissectedy oi in composition -secfed 
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When theaxib of the epipodium beaib monopodially biancheb 
of the first order, which gi\ e rise in turn to the pinnee, and all 
are winged, the wings showing similai degrees of fusion to those 


Fio 98 



Fro 101 


Fio 99 Fio 100 



Firt 



102 




//»/ Oiinped or ciiiled loTf of a ‘•pecics of 

Mallow {Malvd) 00 Pinnatipartiti 

leaf of a “pecic'^ of Val«iiaii {Valeuann 

ihoica) f'ig 100 Plmiatisocte<l leaf of a 

“Iiecies of Poppv {Papavpi Arf/emone) — 

Ftg 101 A decompound leaf Fig lOi 

Palmate Igif of a “pecie^ of Passionflower 
( Pm^ii flora) 


described above, we ha^e forms which aie desciibed as hipin- 
nahfidj Hpinnatiparhte, oi InpinnaHsected respectively Fur- 
ther degrees of branching and fusion are indicated by the terms 
fripinnahiidy &c. When the branching is very complete, and 
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the ultimate wings but little developed, the leaf is called decom 
pound When the blanching is not monopodial but cymose, we 
have palmate^ palmatipd, or palmatisected lea\es, the degree ot 
fusion betw een the w mgs of the branches being thereby indi- 
cated In such lea^es the primary axis of the ph\llopodium 
does not enter into the composition of the lamina. Cjmose 
blanch systems sometimes show blanches of the third order, as 
in the pedate or pedahparhte leaf ( iiq 104) 

It IS not unusual to find both types of blanching represented 
in the same leaf Frequently in the palmate vaiieties we find 
that, while the mam blanches arise cymosely, each forms a 
inonopodium The nature of the branching may generalh be 
ascertained by an inspection of the arrangement of the \ eins or 

Fio 103 Fm 101 




/»(/ 103 Vulmatifid leaf of the Ca-^tor oil 
communn ) — f-tg 104 
Pedatipartite leaf 


Aascular bundles, as shown m ftg lOd, the palmatifid leaf of the 
Castoi oil plant Here the phyllopodimn gives rise cMiioselj to 
seven branches, each of which develops monopodially 

Generally the branches of the epipodium all he in one plane 
so that the leaf is flattened with its face tow ards the stem In a 
paiticulai vaiiety of the palmate foim hnown as the peltate leaf 
{fiq 105) this rule is depaited from, the petiole being apparently 
attached to the centie of the leaf-blade, the plane of which is 
thus almost at a right angle to the direction of the stalk This 
18 due to the fact that the younger branches grow out in front 
of the petiole, instead of m the usual lateral plane, and their 
wings being coherent with each other, the petiole becomes 
apparently attached to the middle of the lamma ^ 

When the epipodium remains cylmdneal, and bears only 
branches of the first order which are winged, constitutmg a 
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number of leaflets, these may show at then bases ceitain out 
f^rowths resembling the stipules of the primary leaf- base. These 
are known as atipeh , they are piesent in ceitain Legnminosfp, 
as Phaseolus 

When the mesopothmn oi petiole is absent, the hjpopodium 
or leaf-base ma^ be winged, and its wings continuous with those 
of the lamina The stem thus seems to be siu rounded by the 
expanded base of the lattei Tf two lea^es aiise on the stem at 
the same node, their wungs sometimes coalesce We ha^e thus 
formed the varieties known as aioiciilafr, pp'tfnhate, oi connate 
leaves {figs 106 and 107) 

The flattened portion of the epipodium is always found to be 
stiengthened and suppoited by certain strands of woody tissue 
which tia^erse it in vaiious directions [n thin leaves these arc 


Fig 105 


Fig 106 


Fm 107 



hut 106 Peltate Ic-af of Ttnjniolum hq 106 Perfoliate leaf of a spec 

of Jffaicseai (Bupleumm rotundi/olimn) hin 107 Connate lea^e9 of 

a «>pf>(>les of Ronev''nckle {Joyumu anprifnhum) 


Msible as pio^ections on the undei suiface, but in thick oi sue 
culent ones they aie embedded in the substance of the blade 
These stiands aie known as the vnnfi, and then airangement 
constitutes the venation of the leaf The lattei depends broadh 
on the mode of bianchmg which chaiacterises the epipodium 

Theie aie two maiked modifications of \enation In the fit st 
modification the fibio-vascular tissue, as it enters the lamina eithei 
as a single mam vein oi seveial similar ones, bieaks up into a net 
w oik of branches (figs 108 and 110) In the second modification, 
a midrib runs fiom the base to the apex of the lamina, giving oft 
horn its sides other >eins, which go out to the margins, running 
parallel to each other, and are simply connected by unbranched 
'^inlets (fiqB 111, 6, and 118) ; oi it divides at once into several 
veins or nbs, which proceed from the base to the apex (fig 116) or 
margina (fig 117) of the blade, pore or less parallel to one another. 
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and aie in likemannei connected only by simple paiallel unbianched 
veinletb (/n; 111, a) The leaves which exhibit the fust modifica- 
tion of venation are called reticulated oi netted-veined leaves, and 


Fig 108 



Fin 100 



Fig 110 



Fiii 111 



Fti} 108 Leaf of tlK ( luirv ^\ith luiuiuu, v»ctiolt and stiiuiU- Tliclammi 
'Aeirate inai^ns, an»l a largo cential \eln or midul) 1*4 <4ceu to Jjroceel 
from thp petiole to tlie apex of the leaf and to gne off from it** ^U\es the 

otlier veins {pinmttely xetned) fxg 109 leaf of Cinnamon witli 

entire margins Ftg 110 Leaf of the Melon with dentate margin*' 

The venation is said to be radiated oi palmateh \eined Fig 111 « 

Parallel venation of a gras^ thn> variety ot \enation is commonl> called 
straight \ elned 5 A % arletj of parallel ^ enation sometimes termed 
cur\ e- veined, as <»een in the Banana 


occul iinivei sally in Dicotyledons , and those which piesent the 
second modification are termed parallehvelned leaves, and aie 
characteristic, with some few exceptions, of Monocotyledons 
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(1) Varieties of Iteticulatcd or Netted Venation 

There are two pi incipal varieties of this kind of venation, namely 
ihofeathei veined oi pinnaiely veined, and the ladiatcd oi palmately 
veined 

A Feathei veined oi Ihnnately veined In this vaiiety the 
main vein either gives oft lateral ones which pioceed at once to the 
margins (figs 112 and 113), and are connected by numeious 
branching veinlets, as in the leaves of the Beech, Spanish Chestnut, 
Holly, Oak, oi it gives off blanches from its sides, which proceed at 
first towards the maigins, and then cuive towards the apex, teiini- 


Fm 112 Fig 113 


Fig 114 


Fig 115 



Fig 112 Feathei \eine*l leaf of the Spanish Chestnut Fk] 113 Feather 

veine<i leaf of the Oak Its lobe- are arranged in a piiimtlfid manner 

F%q 114 Leaf of the Dead nettle The venat on Is the true nette<l, ami its 

margins are serrate Fig 115 a Linear leaf h Triple ril)be<l leaf ot 

the common Sunflo\\er 


nating finally within the maigins, with which they aie connected by 
small veins, as in the Dead-nettle ( fig 114) and Lilac 

B Radiated oi Palmately x>eined — This name is applied to a 
leaf which possesses two oi moie stiong veins that arise at or 
near the base of the lamina, and diverge from one another towards 
its maigins, being connected by branching veins, as in the Melon 
(fig 110) and Castoi-oil plant (fig 103) The iibbed venation, &fi 
seen m the Cinnamon (fig 109), is but a modification of this variety, 
m which the ribs, instead of diverging from one another, run in a 
cyrved manner from a point at or near the base of the blade to the 
apex, towards which they conveige, such ribs being connected 
together by branching veins 
VOL I 
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The vaiieties of venation coriespond to the modes of branching 
of the phyllopodiuni already deseiibed, the fusion of the wings of 
the branches being almost oi quite complete 


(2) Varietie'i of Pmallel VenaHon 

Theie are certain chaiacteiistic variations of parallel \enation 
The main \eins may either pioceed in a somewhat parallel direc 
tion from the base to the apex of the lamina, to which point they 
converge moie or less {fg 116), or they may diverge from one an 
other towards the circumfeience of the blade ( fig 117) The leaves 


Fio 117 


Fin 118 




Fig 116 Leaf sboiMiig the variety of paiallel \euatiou calle<l 

'Straight- veined the margins are entire Fiq 117 Straight veined 

variety of parallel venation, as seen in the leaf of the Fan Palm {Chamoe 

Top$) Fiq 118 Curve veiueil variety of parallel venation, as seen in 

the Banana tig 119 Forked venation of a Fern leaf the margin*^ 

are crenate 


of Glasses, Lilies, and the common Flag may be taken as examples 
of the first vauety, and those of many Palms {% 117) of the 
second 

Or the leaves may have a prominent midrib, as m the feath^r- 
vemed variety of reticulated venation, giving off from its sides along 
its whole length other veins, which proceed parallel to each other in 
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a stiaight or cuived diiection towaids, and lose themselves in, the 
maigins (Jujb 118 and 111,6), and are connected, as in the last 
variety, by unbranched veinlets The Banana, the Plantain, and 
allied plants furnish us with examples of this vaiiety This lattei 
vaiiety is sometimes distinguished as the cm ve veined, the formei 
being commonly known as the sitaiffht veined oi parallel veined 

The Shapes of Lenten 

We have seen that the freedom oi coalescence of the wings 
of the epipodium and those of its blanches leads to the recogni- 
tion of two apparently diffeient types of leaf, the simple and 
the compound. It will be con\enient to discuss the pecuhaiities 
of these two kinds sepaiately. 

Simple Leaves 

The modifications which simple leaves piesent as regaids their 
maigins, shapes, and othei vaiiatioiis of then blades aie extiemely 
numeious They aie important chiefly as enabling accuiate de- 
scuptions to be given of the plant to which they belong, so that its 
identity may be established and ceitain of its affinities indicated 
In othei lespects then impoitance is altogethei subordinate They 
aie usually consideied undei five heads, as follows 1 Margins , 
2 Incision, 3 Apex, 4 Geneial Outline , 5 Foim 

1 Maigins ~We have aheady lemarked that the condition of 
the maigins is dependent upon the extent to which the wings of 
the epipodium and its blanches aie united If the fusion of the 
wings of the several axes is complete and extends to their apices, 
so that the maigins aie perfectly even, oi fiee horn eveiy kind of 
iriegulaiity, the leaf is entire {figs 92 and 116) But when the 

Fig 120 

a I' 

/v <7 120 Diagram of the margins of lea\e«t 
a Bicienatp h Biserrato c Duplicato-dentate 

fusion IS not quite complete, and the maigins aie uneven, we have 
several modifications, which aie distinguished by chai acteristic terms 
If the margins present sharp indentations like the teeth of a saw, 
and all point to the apex, the leaf is serrate {figs 114 and 142), 
as in the common Dead-nettle , if similar teeth point towards the 
base, the leaf is described as retroserrate , if these teeth are them- 
selves serrate, it is btserrate (figs 120, 6, and 181), as in the Elm 
and Nettle leaved Bell-flower , when the margins are minutely serrate, 
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they are termed serrulate, as in Barosma serratifolm When the 
teeth aie sharp, and project almost oi quite at right angles to the 
margin, the leaf is dentate or toothed (figs 110 and 137), as in the 
Melon, and the lower leaves of the Coin Bluebottle, when the teeth 
are themselves divided in a similai inannei, it is duplicn to dentate 
(fig 120, c) When the teeth are rounded (figs 119 and 148) the 
leaf IS cienate, as in the Horseiadish and Giound Iv> , if these 
teeth are themselves cienate it is tncienate (fig 120, a ) , when the 
leaf IS minutely crenate it is said to be aenulated When the 
inaigins piesent alternately deep concavities and convexities it is 
binuated, as in some Oaks (fig 121) This kind of leaf may be 
legarded as an intermediate condition between a toothed leaf and 
one that is pinnatihd (fiq 118) When the maigms aie slightly 
sinuous 01 wavy, as in the Hollj (tiq 122), they aie said to be wavif 


Fiq 121 


Fio 122 



Fin 121 leaf ot the dak — 122 Spun leaf of the H 0 II 3 {Ilex 

witli waw niarifim 


01 nndulated , the teeth of the leaves of the Holly aie veiy haul and 
end in sharp points, foiming spines When the maigms aie veiy 
inegulai, being twisted and cuiled, as in the Gaiden Endive, Curled 
Dock, and Cuiled Mint, they aie called ci isped 01 cui led (fiq 98) 

2 Tncmon —This teini is employed when the maigms of the 
blades are more deeply divided than in the above instances The 
divisions aie then commonly called lobes 

When a pinnately veined leaf is deeply divided, and the divisions 
are veiy close and nariow like the teeth of a comb (fig 125), it is 
said to be pectinate, as in the Water Milfoil , when the terminal 
lobe of a pinnately veined leaf is laige and lounded, and the lateral 
lobes, which are also moie 01 less rounded, become giadually smallei 
towards the base, it is lyrate, or lyre-shaped, as in the common 
Turnip (fig 126) , when the terminal lobe is triangular, and the 
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other lobes which are also more oi less of the same shape have their 
points directed down^valds towaids the base of the lamina, as in the 
Dandelion (fig 127), the leaf is said to be ?uncmate , when a l}rate 
leaf has but one deep lecess on each side, so that it resembles a 
violin in shape, it is teimed panduttjorm oi pddle sJuijwd, as in the 
Piddle Dock (fig 128) 

Modifications of palmately veined leaves aie also fiequent When 
the blade of such a leaf is composed of fi\ e oi more branches whose 
wings aie united about halfway from the base to the tip, so that the 
whole has a resemblance to the palm of the hand with spreading 
fingers, the leaf is termed palimte, as in some species of Passion- 
flower (Jig 123) When the union is less complete, as in the Castor- 
oil plant, the leaf is described as palmahpd (jig 124) Theie is 
little dilleionce between those two forms, and it is better to apply 


Pio 123 Pic 124 



fig 123 Palmate leaf of a spccie-i of Pabbum tlouer (l‘a\s{fioi a) 
Fig 124 Palmatifld leaf of tbe ( ibtor oil plant loinintinU) 


the teim ‘ palmate ’ to compound leaves These forms lead on to 
the compound leaf already desciibed as digitate Other intermediate 
forms occur Thei)edate leaf (Jig 104) is a variety of the palmate, 
the branching here is cymose , the apex of the epixiodium forms the 
largest lobe , from under it a blanch proceeds on each side , from 
under each of these a single branch is given oil on the lateral flank, 
which itself bears another arising similarly The wings of the 
epipodium and its branches are all united at their bases, but the 
union extends further towards the apices of the youngest lateral 
ones The name is derived from a fanciful resemblance to the claw 
of a bird 

, Besides these modifications of palmately veined leaves, variations 
also occur, in consequence of the lobes oi piimary branches of the 
lamina becoming themsehes branched either in a pinnate or palmate 
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manner Descriptive terms are applied to these forms, which will be 
icadily undeistood 

8 Apex — Various foims of this aie desciibed as follows The 
apex lb obtube or hlimt when it is lounded (Jigs 138 and 140), 
as in the Piimrose, it is retuse when it ib obtuse with a bioad 
shallow notch in the middle, as m the Red Whortleberiy ( Faccintunt 
Vitis tdcea) and the leaflets of Logwood , when undei the same 
circumstances the notch is shaip, or neaily tnangular, it is emmgt 
imte, as in some species of Cassia (Jig 129), and in the common 
Box (Buxus sempervirens) When the lamina terminates very 

Fig 126 Fio 126^ Fio 127 


Fig 128 



/"oj 125 Pectinate or eomb t-baped leaf /ly 12b L>rate leal of tbt 

(oumioii Turnip (^BiasHca Hapa^~~~ hu 127 lluuciuatc leaf of the 

Baiidebou {I'aiaiaam ojicinale) fvf 128 Fiddle sliaixid leal of 

Hinnei puUhet 


abiuptly, as if it had been cut across in a stiaight line, the apex is 
tiiincate^ as in the lip of the Tulip-tiee (Jig 130) , if undei the same 
ciicumstances the termination is ragged and iiiegulai, as if it had 
been bitten off, it is jncemoise, as in the leaf of Caryota urens 
When the apex is sharp, so that the two margins form an acute 
angle with each other (Jigs 132 and 139), it is acute ox sliarp-pointed , 
when the point is veiy long, and tapering \Jig 137), it is acuminate 
or tapa^pointedt as in the leaf of the White Willow and common 
Reed ,'^1Smen it tapeis gradnall> into a iigid point, it is 
in man} TtuH When the apex, which is then commonly lounded, 
has a shoit hkid oi softened point standing on it, it is mucionate 
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{fig 136), as in the leaf of Shifut jiitict oiiata and fatJnpus 
inatensi^ 

4 General Onflun' oi -~Ry the f<t nr lal outlnn oi sliip( 

of the lamina we mean the supeihcial aspect oi the ligiiie wIik li i-. 
desciibed b\ its in iigiii'^ The development of the wings is usually 
neaily equal on tlu two sides of the midiib oi petiole, so that the 
lamina ot the leaf is in most instances neaily symmetiical iiid of 
some legulai faguie , in which case the leaf is said to be equal {fnp 
137-140) When, as occasionally happens, the wing is more 
developed on one side than on the othei, the leaf is teimed unequal 
oi oblique {tigs 129 and 131), this is lemaikably the case in the 
species of Begonia {fig 132) Geneially speaking, entire leaves with 
paiallel or pinnate venation aie longer than bioad , while those 

Flo 129 Fio 130 



J-ig 12S Leaflet of a <<peciee. of Cubux It obovatt in hguie or outline, 
somewhit oblique it the base, iiid euiargm ito at lU .iptK — -/■tg 130 
Branch ot theTiihp tree {LinodenU/ on (>/hpiJe mm) iMth flower and leaves 
Tliclittci ttiuiiiuU abrupth, luiuc tiuy uc ■'aid to be O 

which aie palniately veined aie moie oi less lounded, oi bioadei 
than long 

When the lam in, i of a leaf is neaily of the same bicadth at the 
base as it is neai the apex, naiiow, and with the two maigms 
parallel {figs llo, a, and 133), the leaf is called hnea) , as in thr 
Mai sh Gentian {Geniiana I'la anamanthe) and uio't (ii.issc , wlnn 
a lineal leaf terminates in a shat p iigid point like a needle, us in tin* 
common Junipei {fig 135), and many ot our Fiis and Larches, it is 
aceiose oi needle-shaped When the blub of a 1( it is \ ny naiiow 
and tapeis tioin the base to a ven Ihm point -otli.il it t ( ■-( mbb m 
awl in shape, as in the (ommon lin/i ( / /< / t in opu tin l( it u 
subulate oi aivl sluipid When tin blade ot a Jctit is bin nb t it tin 
centie, thiee oi moie times as long is bioid and tapei'. piiceptibiy 
^lom the centie to both base and ip(\, as in the White Willow 
{Sain alba) tlif b af is lain n Inti {Inf lla), when it is a little 
loH ( 1 tb in bio id ot alnnit (In uin lin idtb at < (pi il di t inces fioni 
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xts base and apex, which are slightly acute, it is oval or elliptical, 
as in the Lily-of-the-Valley (Convallaria imjahs) {Jig 142) , if 
under the same circumstances it is obtuse or rounded at each end, 
it IS oblong {fig 138) If such a leaf is more or less rounded at the 
base and its lower half is broadest, so that the whole is of the shape 
of an egg cut lengthwise, the leaf is ovate ox egg-bUapcd, as in the Lilac 


Fio 131 Fio 132 Fiu 133 Fio 134 



Fio 137 Fio 138 Fio 139 Fio 140 


Fiu 131 Leal of lilni, ^\lth utargius biserrate aud thtj lamina unequal 

at itb base h<j 132 Unequal or oblique leaf of a specicb of Begoma 

Fvj 133 Linear leaf of Goose gras^ {Oaltum Apartne) ftg 134 

Lanceolate leaf t'lg 135 Acerose or needle sbapM leaves of Juniper 

(Jumperus communis) ftg 13b A ouiieate and mucrouate pointed leaf 

ftg 137 Cordate and acuminate leaf, \Mth Its margins dentate 

fig 138 Oblong leaf of Bladder-senna (Colutea arborescent) ftg 139 

Ovate leaf, viith its margins serrate — fig 140 Obovate leaf 


{fig 180), if of the same figure, but with the broad part towards 
the apex, it is obovate or inverbely egg-shaped (fig 140) When the 
lamina is broad at the apex, and abrupt-pointed, and tapers towards 
the base, ba m some Saxifrages, the leaf is cuneate or wedge-shape^ 
{fig 136) , if the apex is broad and rounded, and thence it tapers 
to the base, it la spathulate, as in the Daisy {fig 141) When the 
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lamina is broad and hollowed out at itb base into two rounded lobes, 
and moie oi less pointed at the apex, the leaf is cordate or heart 
shaped, as in the Black Biyony (Tamus cotnmnnis) (hg 137) , if of 
the same shape, but with the apex bioadei than the base, and 
hollowed out into two loiinded lobes, it is obcordate oi tnverselif 
heart-shaped {fig 144) When a leaf resembles a cordate one 
generally in shape, but has the apex rounded, and the whole blade 
usually shorter and broadei, it iq reniform oi kidney shaped, as in the 
Asaiabacca {Asarum europicum) (hg 143) , when a leaf is lemform, 
but with the lobes at the base of the lamina pointed, so that it 
leserables the form of a descent, it is Innate or crescent shaped, 
as in Passiflota liinata (pg 145) When the blade is broad and 


Fig 141 



Fig 14*2 


Fig 143 




tiu 141 Spathulate leaf tig 142 Oval 

or elliptical leaf of Pe,ii tree (Fyt us com- 
munis), with hcnatt margins Pig 143 

Reuiform leal of Giound Ivy {Nepeta (fie 

t homa),vi\th cruiate maigiuh tig 144 

Trifoliate Itaf with oboonlute leutlets 


hollowed out at its base into two acute lobes, while it is pointed at 
the apex, so that it lesembles the head of an aiiow, the leaf is sagit- 
tate ox arrow shaped, as m the Arrowhead {Sagittatia sagitiifoUa) 
( Hg 146) , when the lobes of such a leaf are at right angles to its 
axis, instead of passing downwards, it is hastate or fialbert-shajred, 
as in Sheep’s Sorrel {Rumex Acetosella) {Jig 147) , when the lobes 
aie entirely separated from the lest of the blade, as in the upper 
leaves of the Woody Nightshade (Solanum Dulcamara), it is auncu- 
late or Jiastate-auncled {Jig 148) 

It frequently happens that a leaf does not distinctly present any 
of the above-desenbed figures, but exhibits a combination of two of 
them, in which case we use such terms as ovate-lanceolate, linear- 
lanceolate, cordate - ovate, cordate - lanceolate, elhpttco - lanceolate, 
roundish-ovate, &c , the apphcatipn of which is at once evident 
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In many cases we find leaves of different figures on the same 
plant, which is then said to be hete^t aphyllous In the Hairbell 
(Campanula rotundtfoha)^ the ladical leaves are cordate oi rent 


Fig 145 Fig 148 



145 Lunate or crebceut shaped leaf Fty 146 Sagittate leaf 

Ftg 147 Hastate leaf tig 148 A portion of the stem of the Woody 

Nightshade (Solarium Dulcamara) bearing flowering «talk and an auncu- 
late leaf Fig 149 A snb-rotnnd or rounded leaf, with entire margins 


/orm, and the caulme leaves linear , and this difference of outline 
between the radical and stem leaves is by no means uncommon .In 
aquatic plants,^ again, where some of the leaves are submerged, while 
others float on the water, or rise above it into the air, as in the 
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Water Crowfoot (Ranujicidus aquatihs) and Arrowhead (Sagittal la 
sagittifoha), the leaves thus diffeiently situated fiequently vaiy in 
shape 

5 Foim — By this teim we undeistand the solid conhguration of 
the lamina The terms used in dehning the vaiious foinis are 
theiefore especially applicable to thick oi succulent leaves Such 
leaves either assume some regular geometiical foiiiis, as cijli'tidt ical, 
liy'tamxdal^ conical, piismatit, Ac , andieceive coriesponding names , 
or they approach in foim to some well known object, and are hence 
termed acicular, ensifonn, Ac Vaiious other singulai foims aie 
also found, some of which will be subsequently alluded to 

Besides the above described modifacations which the blades of 
leaves present in leteience to their Margins, Incision, Apei, Outline, 
and Form, they also piesent numcious othei vaiiations as icgaids 
their surface, textiuc, coloiu, Ac 

Comimmd Leaves 

We have alieady defaned a compound leaf Its separate leaflets 
aie subject to the same modifications of then maigins, incision, 
apex, outline, form, textuie, suiface, coloui, Ac , as the blade of 
bunple leaves, and the same teims are accoidingly used m desciibing 
them We have theiefoie only now to speak of the compound leaf 
as a whole, and the teims which aie employed in describing its 
special modihcations We divide compound leaves into two types 
the Pinnate and the Palmate or Digitate 

1 Pinnate Compound Leaves When a leaf of this type piesents 
the appearance of seveial distinct poi lions or leaflets, it is teimed 
pinnate (figs 94, 150) , and the leaflets aie then teimed jnnncc 
The leaflets are aiianged in pans in an opjiosite manner along the 
sides of the rachis oi piimary axis, and accoiding to their number 
the leaf is said to be one-, two-, thiee , or many paired Several 
kinds of pinnate leaves have also been distinguished by special 
names When the main axis of a pinnate leaf is only winged 
at the extreme apex, thus appealing to bear a terminal leaflet 
{ fig 93), as in the Rose and Elder, it is wipat ipinnate or unequally 
pinnate, or innnate ivith an odd leaflet , it is equally oi abruptly 
pinnate, or parijnnnate, when the mam axis of the epipodium is 
not winged at all, but bears a number of secondary axes which are 
winged (fig 94), as m some species of Cassia, the Mastich plant 
(Pistacm LenHscus), Logwood (Hcematoxylon campechianum), and 
Orohus tuberosus , and it is interruptedly pinnate (fig 150) when 
the leaflets or secondary winged axes are of different sizes, so that 
small pinnea are regulaily or irregularly intermixed with larger ones, 
as in the Potato (Solanum tubeiosum) and Silver Weed (Potentilla 
ansenna) When the wing of the mam axis is the laigest and those 
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of the secondary axes aie gradually smaller as they are nearer the 
base, it IS lyrately jjinnate, as in the common Tuinip {fig 151) This 
leaf and the tiue lyrate form often lun into each other, so that it is 
by no means uncommon to hnd both vaiieties ot leaf on the same 
plant, as in the common Turnip and Yellow Bocket 

When the leaflets of a pinnate leaf become themselves pinnate, 
01 , in other words, when the paitial axes which aie arranged on the 
common one exhibit the chaiacters of an ordinaiy pinnate leaf, it is 
said to be bijnunate {fig 152) , the leaflets borne by the partial oi 
secondaiy axes are then commonly teimed pinnules When the 
pinnules of a bipinnate leaf become themselves pinnate, it is tn- 


Fig 150 


Fig 162 



jhtg 16U Inttrruptedly plnuaU. leaf of tho Potato 1 tg 151 Lyrately 

pinnate leal /»(/ 162 Bipuinatc kuf ot a species of Oleditsehia 


jnnnate, as in the Meadow Hue {ThahUrum mimes) and the common 
Parsley {fig 07) , it commonly happens, however, that in these 
leaves the upper leaflets are less deeply divided, as in fig 97 If 
the division extends beyond this, the leaf is decompound^ as in many 
Umbelliferous plants (fig 101) 

2 Palmate Compound Leaves —Such a leaf is formed when the 
epipodium divides into several equal or nearly equal branches, each 
of which IS separately winged , and hence these leaves are readily 
distinguished from those of the pinnate kind by their leaflets coming 
off from the same point, instead of, as in them, along the sides of 
a common primary axis We distinguish se\eral kinds of such 
leaves , a leaf is said to be Innate, bifoliate, or unijugate, if it 





Ftq 163 A binate or bifoliate leaf hg 164 Terimte oi tiifoliate leaf 

Fig 166 Quadnfoliate leaf of Munilea quadHfoUn -Fig 160 Quiiiate 

or quiuquefoliate leaf Hg 167 Septenate leaf of the Horae-chestnut 

( f]itculug Hiftpoceutanitni ) — Hg 168 Multifoliate leaf of a Lupin — - 
Hg 159 A bltemate leaf 


fohumy which receives its name from this circumstance (figs 144 and 
154 ) , it IS quadnnate or quadrtfohate if there are four leaflets 
(fig 165 ) , it IS qmnate or qmnqmfohate if there are five (fig 156 ), 
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as in Potentilla argentea R>n(\ P alha , it is septenate oi septemfoliate 
if there aie seven, as in the Hoise-chestnut and some Potentillas 
(fig 157) , and it is mulhfohate if there are more than seven, 


Fig IGO 



as in many species of Lupin ( fiq 158) The term digitate is 
generally used when the segments of such a leaf are long and 
narrow 

2 INSERTION AND ARRANOFMFNT OF LFA\FS 

(1) Insertion — The point at which a leaf is attached to the 
stem 01 blanch is called its in^eition Lea'^es aic inseited on 
various parts of the stem and branches, and receive different 
names accordmgh The first leaves which are developed aie 
called cotgledona (fig 16, c, c) The cotyledons are usually ^ely 
different m their appearance from the oidinary lea^eB Tvhich 
succeed them. Leaves are called radical when they arise 
at, or below, the surface of the ground, and thus spring apparently 
fiom the root, but really from a shortened stem, oi crown of the 
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root, as it IS commonly called Leaves aie thus situated in what 
are termed acaulescent plants, such as the Dandelion and Prim- 
rose The leaves which arise fiom the mam stem are called 
caithne , those from the blanches lanial 

(2) ArranctEment of IjIavj^s on th> Sti-m, or Phyllotaxis 
The term i^hyllotaj is used m a geneial sense to indicate 
the vaiious modes in which leaves are aiianged on the stem oi 
branches The object of the arrangement in every case is to 
secuie as far as possible that the laminsp of all shall be equally 
illuminated and that they do not shade each other The 
successful discharge of their functions will be found to depend 
upon securing this There aie two mam types of airangement, m 
one of v\hich a single leaf onlv is piodnced at a node, in the other 

Fin Ibl Fin 102 



Fiq 161 \Vhorle<l leaver of a species of r/a/j MW htn 162 Deciis^ate 

lea^e■‘ of Pim^lea ijecu$%atn 


two or moie occui In the foimei case the leaves aie ncatteied 
or altei note , m the latter, they are said to be whorled (fig 101) 
The leav es constituting a whorl are usually placed s\mmetiic- 
ally round the stem, at equal distances laterall,> from each 
other When there are only two leaves in each whorl, they are 
said to be opposite When leav es are opposite, those of each 
pair are usually placed under the mteival or space between the 
leav es of the pair abov e it Those of the third pair are then 
veitically undei those of the first They are said to decussate 
(fig 162), and the ariangement is called decussation. When 
whorls consisting of large numbers of leaves succeed each other, 
it also frequently happens that a similar arrangement occurs, 
so that the leaves of one whorl stand above the intervals of the 
whorl below it 
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It soiiietinie happens that, by the nori-developmen 
internodes of an axillary branch, all the leaves of that 
aie bi ought close together, in which case they form a 
fancxcle {fig 168), and the leaves aie said to be ii 
fa retried. Such an aiiangement is well seen in the I 
and Larch That the fascicle is thus xiroduced is r 
evident by the fact that in the young branches of the Lj 
internodes afteiwaids become elongated and the lea\es i 
sepal ated fiom each other 

1. Alternate Leaves , — Though this ariangement 
termed scattered, it does not follow that there is necessa 
irregulaiit> m the position of the leaies Indeed, it w 
better to teim the airangenient as each leaf can I 

Fia 163 Fio 164 


fig 163 Fjscicled or tufted le'ive*^ of the 

Laich fig 164 A portion of a branch 

of the Oheriy tiee with six leaver, tin sixth 
ot which IS placed vertical^ over the first 
The nght hand figure is the same branch 
magnified, the leaves having been removed, 
and numbers placed to indicate the points 
of their insertion 

tamed to be placed upon an imaginai\ spiral line windii 
metiically lound the stem, and to be at a distance fiom ^ 
leaf upon the spiral which may be expressed by a fractic 
circumfeience of the stem This distance, which is 
constant, is known as the divergence of the leaves T1 
can be traced and the divergence ascei tamed by counti 
any particular leaf to the first one veiticall\ abo\£ 
we take a branch of the Apple or Cherry tice {fig 1( 
commencing with an\ particular leaf which we will 
proceed upwaids, taking the successive leaies in tb 
of their ages and joining then bases by a line or piece c 
we shall find that after passing the leaA es marked 2, 3, ‘ 
we shall reach the one marked 6, which will be foui 
situated \ ertically o\ er the 1st, and then proceeding furti 
the 7th IS directlj over the 2nd, the 8th over the 3rd, the ' 
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the 4th, the 10th ovei the 5th, and the 11th ovei the 6th and 1st, 
a veitical line drawn down the stem through the base of any 
leaf will therefore pass thiough the base of eveiy hfth leafabo\e 
and below it These lines that can be diavvn veiticall;v down 
the stem through the leaf bases aie known as ot tlfoatichu v, and 
the imaginary spiial line is called the (/enttit spual It we 
lefer again to the anangoment ot the leaves m the Cheiiv oi 
Apple 164), we shall find that Indoie we airive at the sixth 
leaf, which is over the Inst, the string oi line used to tonneet 
the bases of the leaves will have passed twice lound the tircum* 
ference ot the branch The point whcie a leat is thus tound, 
which is placed peipcndiculaily ovei the hist, shows the com 
jiletion of li series or c//c/6% and thus in the ('hcii> and Apple 
the cycle consists of five leaves As the hve leaves aie 
equidistant fioiii each othci, and as the line which connects 
them passes twice loiind the stem, the distance of one leat fiom 
the other will be g of itsciicumfereiice The fiaction J cxpi esses 
the anifiilair diLenjefite, or the length of the arc interposed 
between the insertion ot two successive leaves It a circle be 
drawn to represent the cncumference of the stem, and the position 
of the orthostichies which bear two consecutive leav es be maiked 
upon it, andradiibc drawn from them to the ccntie of the circle, 
the angle so formed will show the divergence, and will be ^ of 860'^, 
01 144^ The successive leaves as they arc produced on the 
stem, as we have seen, are also arranged m smnlai cycles. This 
aiiangement m cycles of hve is common in Dicotyledons It is 
termed the pentashchvus or Jin lanktd an am/ement 

A second variety of arrangement m alternate leaves is that 
which IS called the dishthous, or two ranktd Here the second 
leaf on the spiral is on the opposite side of the stem to the first 
(Ji(/ 165), and the third, being on the opposite side to the second, 
IS placed vertically ovei the fust, and thus completes the cycle, 
which consists of only two leaves, the fourth leaf is over the 
second, and the fifth over the third and first, thus completing a 
second cycle , and so on with the successive leaves. Heie one 
turn completes the spiral, so that the distance between the leaves 
18 I the circumference of a circle, and the angular divergence is 
180°. This arrangement is the normal one m all Grasses, and 
many other Monocotyledons, the Liiiie-tree {Jig. 166) and 
other Dicotyledons exhibit a similar arrangement. 

A third variety of arrangement m alternate leaves is the 
tnstxcJious or three-ranked (Jig 166). In this variety, if we start 
with any leaf and mark it No. and then pass to 2, 3, and 4, we 
VOL. 1. . a 
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shall find that we shall make one turn round the stem before 
coming to a leaf vertically over the first, which will be the fourth 
m ordei, and thus complete a cycle composed of thiee lea\es. 
In like manner, the fifth leaf will be over the second, the sixth 
over the thud, and the seventh over the louith and first, thus 
completing a second cycle, and so on with the succeeding leaves. 
Here the aiigiilai diveigence is i of (360°, or 120° This arrange- 
ment IS by tar the most common one among Monocotyledons. 

A fourth variety of phyllotaxis in alternate leaves is the 
octostichom 01 exqht tanked Examples of this variety aie 
afforded by the Holly and Aconite. In this the ninth loaf is over 

Fig 105 Fio 106 


htg 165 Portion of a branch of the Lime-tree, with lour leaveb arranjfed 

in a dibtichous or two ranked manner hg Ibb Portion of a branch 

with the base of the leaves of a species of Ciutx, showing the tristichous 
or three ranked arrangement The numbers indicate the buccessive bases 
of the leaves 


the first, the tenth over the second, the eleventh over the third, 
and so on , thus eight leaves will complete the cycle , and, as 
the spiiallme mthis distance makes three turns round the stem, 
the angular divergence will be measured by ^ of the circum- 
ference that 18 , it will be | of 360°, or 135°. 

We can arrange the fractions repieseiitmg these div ergences 
m a series thus and we see that a certain relation 

exists between them, for the numeiator of each fraction after 
the second is equal to the sum of the numerators of the two 
preceding fractions, and the denommator to the sum of their 
denominators. We may contmue the series m the same way, 
when we get the fractions &c., and we find that mstances 
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of the occur! ence of thebe more complex divergences are met 
with Other similar series exist , we can meet with cases which 
taken together form the series &c., and otheis again 

which may be arranged in the ordei 

In computing these tractions we have assumed that the 
genetic spiral is uniform in its direction all along the axis It 
may pass either from right to left or in the opposite direction 
Occasionally cases are found, however, where the direction of 
its torsion is reversed at the conclusion of each complete cycle 
Sometimes, again, the spiral changes as the axis gets older, the 

Fig 167 Fig 168 



lug 167 Piueiipple fruit {Sofonis), burmouuteil by 11 crown ot empty bracts 
lig 168 Cone of the Bcotcli lir Both show a spiral uriciiigemeut ot the 
leaves 


earhest leaves, or perhaps the youngest, being of a different 
order from the lest Sometimes by the suppression of the 
internodes of a spiral cycle the leaves are apparently whorled 01 
opposite Such a cycle consequently forms a pseudo-whorl 
The laws of phyllotaxis are frequently interfered with by 
accidental causes which produce corresponding interruptions of 
growth , it is then difiicult, or altogether impossible, to discover 
the regulai condition In the case of axes whose mtemodes 
are much elongated, the arrangement is sometimes apparently 
altered by torsion of the stem or branch. This may also be seen 
with short mtemodes, though less frequently. The direction of 


84 


MANUAL OF BOTANY 


the torsion of the axis may be uiiiforiii, or may change m 
different regions of it. 

In Pandanus there are usually three orthostichies which 
pass stiaight down the stem, but sometimes a torsion of the 
latter makes them spiral instead of straight A singular case 
of torsion is seen in Baptisia pet fohata^ whose leaves, which 
are normally in two ranks, become m the upper part of the stem 
arranged in a single rank, owing to a twist of the successue 
internodes, hist to the right and then to the left 

All the above vaiieties of phyllotaxis m which the angular 
diveigence is such that the orthostichies aie vertical, and the 
leaves completing the cycles are thus directly over those com- 
mencing them, aiG called tectiserial , while those m which the 
divergence is such that the orthostichies themselves are slightly 
twisted spirally are termed tut oiifenal The fiaction expressing 
the angular divergence in any case can be easily ascei tamed 
Its denominator is the numbei of leav es m a cycle , its numerator 
IS the number of times the genetic spiral passes round the stem 
111 tracing the cycle 

We see thus that when leaves aie alternate the successive 
leaves form a spiral round the axis In the majority of cases, 
its direction m both stem and branches is the same, and it is 
then said to be homodromous , but instances also occasionally 
occur in which its diiection is not the same in both, when it is 
called heterodromous 

2 Opposite and Whot led Leaves — We hav e already observ ed, 
With regard to these modifications of arrangement, that each suc- 
cessive pair, or whorl, of leaves, as the;> succeed each other, 
is not commonly inserted immediately over the preceding one, 
but that the second pair, or whorl, is placed ovei the intervals 
between the leaves of the hrst, the third oNer those between the 
leaves of the second, and so on 162) Here, therefoie, the 
third pair of leaves will be vertically over the first, the fourth over 
the second, the fifth over the third, and so on This airange- 
ment occurs m plants belonging to the Lahiatce and Oleacece, 
and is called decassaiion^ as previously noticed In some cases 
the successive pairs or whorls are not placed directly over the 
intervals between the loaves of those below them, but a little 
on one side, so that we have to pass to some higher pair or 
whorl than the third before we arrive at one which is placed 
directly over the first. Such arrangements, therefore, suggest 
that the successive pairs and whorls of leaves are arranged in a 
spiral manner with regard to each other. Opposite leaves may 
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thus be legaidedas due to two spirals proceeding up the stem 
simultaneously in t^\ o opposite directions , and the \s horl as due 
to as many spirals as there are component leaves 

Cases in which the decussation of the whorls is not exact 
may sometimes be explained by toisiou of the axis 

The constituent lea^es of a whorl are usnally of the same 
age, but not always so In the Chaincece the membeis of the 
whorl are developed in a definite sequence Spurious whorls 
o\ pseudo -wlioih may in certain cases where m the bud 
one leaf develops fiom each of manv nodes, which nt that time 
are close together Ry non de\elopment of some of the inter 
nodes, manj of these lea^es continue m close pioxiimty, and 
such clusteis being separated by growth of a particular intcrnode 
between them, the originally spiral arrangement is lost and a 
w boiled one apparently takes its place The membeis of each 
pseudo whorl are, of course, of different ages 

The alternation or opposition of leaves m geneialL constant 
111 the same species, and even m some cases throughout com- 
plete Natural Oideis The plants of the Bo^aginacece have 
alternate leav es , those of the Caryophyllacece, opposite , those 
of the Lahiatce^ opposite and decussate , those of the Legumi 
uosce, alternate , those of the EosaceaSf alternate, &c. While 
the opposition or alternation of leaves may thus be shown to 
be constant throughout some complete Natural Orders^ yet a 
change from one arrangement to another may sometimes be 
seen upon the same stem, as m the common Myrtle and Snap 
dragon ^lanv plants which have opposite leav’es on their 
adult parts often exhibit an alternate arrangement at the 
extremities of their young blanches when these grow very 
rapidly In other cases leaves normally arranged alternately 
become opposite, or vvhorled, through the non-development of 
the successive mternodes by interruptions of growth , in 
others again the whole of the mternodes of a branch remain 
undeveloped, the leaves then being tufted or fascicled as already 
noticed { fig 168) Generally, however, the relative position of 
leaves is so constant in any particular species that it forms one 
of its characteristic distinctions 

A certain order of arrangement may often be noticed between 
the leaves of a stem and those of the branches springing from 
their axils. In Dicotyledons which have opposite leaves, the 
leaves of the pan* first produced upon a branch usually decussate 
with the leaf at its base. In Monocotyledons the first leaf is 
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placed upon the side of the branch nearest to the stem, opposite 
to the leaf fiotn whose axil it arises 

(8) Arrangement oj the Leaves in the Bud — We pro- 
ceed now to examine what is known as vernation, oi the different 
modes in which the leaves are disposed while in an iinexpanded 
condition in the bud We may considei, Ist, the modes m 
which each of the leaves, considered mdependenth of the others, 
is disposed , and 2nd, the relation of the several leaves of the 
same bud, taken as a whole, to one another The arrangements 
of the separate lea^es may be divided into — 1st, those in 
which the leaf is simplv hent or folded , 2nd, those in which 
it IS rolled Of the first modification ue ha\e thiee \arieties — 
1st, the upper half of the leaf ma\ be bent upon the lou er, so 

Fin 169 Fio 170 Fm 171 Fio 172 Fio 173 



Fig 174 Fig 175 


Fig 169 Vertical «iection of H rechnate leaf -Fig 170 Tiauf?\er^e section 

of a coiidaplicate kaf — Ftg 171 Transverse section of a plaiteil or 

plicate leaf Fig 172 Vertical section of a circulate leaf Ftg 17S 

Transverse section of a convolute leaf Ftg 174 Transverse section of 

a revolate leaf Fig 175 Transverse section of an involute leaf 


that the apex approaches the base, as in the Tulip tiee , it is then 
said to be rechnate or %nflexed (fig 169), 2nd, the right half 
may be folded upon the left, as if the ends and midrib or axis of 
the leaf formed a hinge, as m the Oak and Magnolia, when it is 
called condu'plicaie (fig 170) , 3id, each leaf ma^^ be folded up 
a number of times like a fan, as in the Svcamore, Currant, and 
Vine, when it is plaited or plicate {fig 171) Of the second 
modification we have four varieties — 1st, the apex may be 
rolled up on the axis of the leaf towards the base, like a crosiei, 
as m the Sundew and Ferns, when it is circinate (fig, 172) , 
2nd, the whole leaf may be rolled up from one margin into a 
smgle coil, with the other margin exterior, as in the Apricot and 
Banana, in which case it is convolute (fig, 173) , 3rd, the two 
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margins of the leaf may both bo rolled inwards on the uppei 
surface of the leaf toTvaids the midiib, which remains im- 
mo\ablo, as in the Violet and Water-lily, when it is involute 
{iiq 17f>) , 4th, the two maigins ina^ be rolled out^vards or 
towards the midrib on the lower surface of the leaf, as in the 
Dock and Azalea, in which case it is revolute {fiq 174) 

We pass now to considei, seeondly^ the relation of the 
sc^elal leaves of the same bud, taken as a whole, to one anothei 
Of this wo have several vaiieties which may also be tieated of 
in two divisions — 1st, those m which the component leaves arc 
flat 01 9hqhtlq conver , and 2nd, where thev aie hent oi i oiled 


Fio 170 Fio 177 Fig 178 



Fig 179 Fig 180 Fig 181 Fig 182 



Fi(f 176 Transver«ie ^.potion of n bud to show tlie leaves arrang«<l in a 

valvate manner Ftq 177 Transverse section ot a bud to shov Im 

bricate vernation Fw 17H Transverse section of a bnd to show 

tnisted 01 spiral vernation htQ 179 Transveipo section of a bud to 

sho^^ induplicate vernation Fig 180 Transverse section of a bud 

showing equitant vernation Fig 181 Transverse section of a Inid 

showing obvolute vernation hg 182 Transverse section of a bud 

showing supeiwolnte vernation 


Of the first division we may recognise thiee satieties * — Ist, that 
m which the leaves aie placed nearly in a cucle oi at the same 
level, and in contact by their margins onlv, without overlapping 
each other, when thev are valvate (fiq, 176) , 2nd, that in 
which the leaves are placed at different le^els, and the outer 
successively overlap the inner to a greater or less extent by 
then margins, as m the Lilac, and in the outer scales of 
the Sycamore, when they are said to be iwhncate (fiq 177) ; 
and 8rd, when leaves are placed as in imbncate vernation, and 
one margm of each leaf overlaps that of another, while the other 
margm, in its turn, is overlapped by a third, the vernation is 
twisted or spiral (fig 178)# A variety of the valvate arrange- 
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inent is the tnihvplitaie form, in which the edges of the lea\es, 
instead of meielv touching, aie bent inwards foi some little 
distance ( iiq 179). Of the second division, that is where the 
component lea\es of the bud aie hent or 'tolled, we ha^e three 
^arletles — Ist, w'hon the leaves are condnphcate, and each 
complete^ infolds all those youngei than itself, so that in tians 
veise section they seem to sit astride of them, as m the Pll^et, 
they aie eqmtanf {fig 180), 2nd, when the half of one con- 
duplicate leaf recones m its fold the half of anothei folded in 
the same manner, as m the Sage, the vernation is half-eqmfanf 
01 ohvolute {fig 181) , and 3id, when a convolute leaf encloses 
anothei which is i oiled up m a like 
manner, as in the Apiicot, the verna- 
tion 18 mptey volute {fig 182) 

The terms thus used m describing 
the diffeicnt kinds of vernation aie 
also applied to the component paits of 
the flower bud, under the name of 
(estivation 01 itrceflo'iation, though the 
aiiangenients of the lattei aie more 
complex When speaking of the 
flow^er bud, we shall have therefoie to 
refer to some of them again, together 
with otheis not found in the leaf bud 

3 OTHER MODIFICATIONS OF THE 
LEA? 

Besides the kinds of leaf which v\c 
have now examined, theie occui others 
which serve various purposes, and are 
frequently adaptations to special habits 
of life , such are sqnnons leaves, leaf- 
tendrils, Kndi pitches s, Eithei the whole leaf or part of it ma\ 
undergo modification of this kind We have again the various 
forms of or cataphyllarg leaves, and the leav^es specially 
connected with reproductive structures, including the sporophv lls 
and other leav es of the flower and inflorescence 

Leafispines — Any part of the leaf may exhibit a spiny 
character. In the Holly (fig 122) and many Thistles {fig 98), 
the veins project beyond the blade, and become hard and spiny ; 
while in the Barberry (fig. 188) the whole lamina becomes 
spmous. The whole epipodium assumes a spmy character m 


Fio 183 



Fiq 183 A portion of a branch 
of the Barbel rj (/ieibef'iA 
vu1(jat /»)» bearing spinj 
leaves The upper leaf is 
composed entirely of hard- 
ened veins without any 
parenchyma between them 
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some species of Asttaqalus also. The stipules sometimes 
become transfoniied into spines, as in Hohnna pseud acacia 
{ nq 93) 

Spines of lea^cs ma> be rcadih distinguished from the 
thorns already desciibed, uhich aie modified branches, because 
the lattei alwa^'ys arise fiom the axil of the leaf, instead of from 
the leaf itself Spines may be leadily distinguished from 
p') idles by their internal structuie 

Leaf-tendrils — Various parts of the leaf may become trans- 
formed into tendrils, the oiganssensitue to contact, uhich ha\e 

Fm 184 Fig 180 



Fig 185 

J<iq 184 Leaf of a 8pecle«i of Inffivni'i yhowiug a ^\^ngefl petiole, with two 

lialf sagittate stipule** at Its base, and terminated bj^ a temiril Fifj 185 

A portion of the stem of Laihyim Aphaecu with stipules t, and clrrhose 
ph\nopodiimi, — —Flp 186 A portion of the «tem of /S/niAr i, bearing a 
petlolate leaf, and two tendrils in place of stipules 


already been desciibed m connection with the modifications of 
the stem Their purpose is to enable a weak-stemmed plant 
to climb up any support with which they come in contact, and 
round which they can twine. Such tendrils may be a prolonga- 
tion of the leaf-blade beyond the apex, as m Olonosa superha^ 
the leaflets of a compound leaf in many of the Legurmnosm 
(fiqs, 82 and 184), the whole petiole m Lathy rus Apham 
(fig, 185), and the stipules m Smilax (fig 186). 

Asetdia or Pitchers — Thes^ are the most remarkable of all 
the anomalous forms presented by leaves. They may be seen 
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111 the species of Nepe'nihen oi Pitchei plants (fir/ 187), in the 
species of Sarrncema or Side-saddle plants ( iiq 188), and in 
many otheis In Satracema {Jig 188), the pitchei appears 
to oiiginate much as does the peltate leaf; by fmthei basal 
giowth it becomes tubular In Nepenthes ( iiq 187), the 
petiole IS winged foi a certain distance, then assumes the ap- 
peal ance of a tendril, and ultimately beats a pitcher,^) , this is 
arched ovei b> a hd, /, which is united to it by an aiticulation 
Eqmtant Leaves — A pecuhai form of leaf is seen in 
PhorrmmUf and certain other Monocotyledonous plants The 
leaf is long and compaiativeh naiiou, and its flattened surfaces 


Fm 187 Fio 188 Fm 189 



Fio 187 PiUlier of a ‘^pecus of Pitcher plant ih<<HUutona) 

P Pitcher lowered the Inl, 1 hq 188 Pitcher of the Side-saddh 

{Hat fncernn putpu real hq 189 Vxteher^ ot Hehamphoiq 


aie directed lateially like those of phyllodes Its constiuc 
tion can be determined by an inspection of its base, where 
it IS seen to be split partly up one edge, the split embiacmg 
the next leaf The blade is, m fact, folded along its centre, and 
the uppei sui faces of the folds are united together along nearly 
the whole of the lamina One edge of the blade so corresponds 
to the conjoined margins of the leaf, the other to its central line, 
and the two sides to the whole dorsal surface. The upper surface 
IS only exposed at the sheathing base. 

Scaly or Cataphyllary Leaves. — These are of very simple 
structure , they occur as coverings to buds and thin membranous 
coatings to tunicated bulbs and corms The fleshy leaves which 
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form the bulk of tunicated or scaly bulbs ma> be included here 
The> do not contain chloroplull, and are usuall^> stoiehouses 
of nutritive materials In some paiasitic and saprophytic plants, 
such as the Broom-iapes, and certain Orchids, fleshy scales 
replace the oidmaiy foliage lea\es 

Floral Leaves — These include the i arious foims which occui 
m connection with the mechanisms of spoie pioduction They 
will be discussed later in moie detail The\ show much 
peculiaiity of foim, coloui, and arrangement 
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CHAPTER II 

MORPHOLOGY OF THE REPRODUCTIVE ORGANS 

The life of an indnidnal being but limited m its duration, we 
find various mechanisma de\ eloped to continue the existence of 
the species , these fonii the Repioductii e Oigans AVc ha\ e seen 
that new indniduals are produced fiom existing ones b> \arious 
methods, which may be grouped into thiee classes, known 
respectively as the vegetative^ the aseival^ and the sexnal 

Instances have aliead\ been gi\en of the oiigination of 
special ad^ entitioiis buds upon \aiious paits of plants which, 
becoming detached from the paient foim, can cany on inde- 
pendent existence Such aie the ’^oung plants aiising on the 
stolons or runners of the Straw^beriy, oi on the leaves of 
Bryophyllum all such belong to the first gioup We have also 
found “that plants produce from time to time special cells w^hich 
fall away fiom the paient and aie by themsehes capable of 
giving rise to new plants When these asexual cells occui upon 
the sporoph^te the\ aie tei med , when they aiise upon 

the gametoph'yte, as they do in the Algae and Fungi, tliev are 
called qonidia We ha\o noted, fuithei, that m other cases 
special cells are produced which unite in pairs to form new 
cells, from which again the new phase oi form of the plant is 
developed these are sexual cells oi gametes The two foims 
or phases are named spoiophgtes and gametojyhyteSy on account 
of their bearing spoies and gametes respectively The gameto- 
phy te, besides bearing its gametes, ma> , as ]U8t mentioned, also 
bear asexual cells or gonidia, indistinguishable in their structure 
and behaviour from the spores of the sporophyte The sporo- 
phyte, however, ne\ ei gi\ es rise to gametes. 

On gerrmnation the asexual cells, whether spores or gonidia, 
give use to gametoph^tes, in all forms abo\e the Thalloph^tes 
the cell (known as a zygote) lesultmg from the fusion of the 
gametes develops into a spewophyte. In some Thallophytes the 
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zygote giv es rise to a rudimentar;^ sporophyte , m others to a 
gametophyte 

We may now examine beparately the vegetative, asexual, 
and sexual leproductivc mechanibms 

Section I 

VEGETATIVE REPRODUCTIVE STRUCTURES 

Vegetative reproduction ib the simplest manner of producing 
a new individual, and can m the lowei forms often haidl> be 
distinguished from oidinary growth It can be illustrated by a 
series of examples In the lowest Fungi and Alga^ m which the 
plant consists onlv of a single cell, as m Yeast, an outgiowth 
fiom the cells appears, which becomes detached and forms a 
new individual, giving rise to others in turn. Sometimes the 
piocess IS so lapid that the new cell gives use to another before 
being detached, and this may go on till a chain of cells is 
formed Each of these is, howe\er, an independent Yeast 
plant, and the separation is a mere matter of time This 
process is known as budding In other cases, as in the Desmids, 
the cell divides into two, each ot which, by subseciuent giowth, 
becomes a new individual This is only slightly different from 
the first process, and is known as Jission 

In moie highly diffeientiated plants certain portions of the 
parent are detached, which develop into the adult forms These 
are generally known as gemmee^ and may be unicellular or 
multicellular Instances are found ot the former among the 
Fungi , of the latter m higher groups also, particulaily the Liver- 
worts and Mosses, where they are developed in special places. 
In the former group they are found in cup like receptacles upon 
the upper surface of the thalloid stem , m the latter their 
position varies greatly In the Lichens small portions of the 
thallus are set free , these are known as sofedta. They have the 
same structure as the thallus itself 

In many plants branches frequently become mdependent by 
the perishing of the main axis on which they originate In the 
case of the runner of the Strawberry a bud is developed on the 
stem which pats out roots and attaches itself to the ground. 
Then the stem on which it arises perishes, and the new plant 
lives for itself. Other cases of similar behaviour are furnished 
by the production of bulbs or oorms m many plants, and in the 
behaviour of many rhizomes, ^ 

Cuttings illustrate the same mode of reproduction. A piece 
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of the btem, with buds and lea\eb, when separated from the 
parent and planted in soil, will, under appropriate conditions, 
put out roots from the cut surface, and thus replace the parts 
missing, and lead an independent life Buds may arise from 
wounded leaves or petioles under similar conditions 

In this mode ol reproduction the form of the plant from 
which the new one is derived remains unchanged Thus 
sporophyte gives rise to spoioph;yte, gametophyte to gameto- 
phyte, and there is no alternation of generations 

Sl-CIION II 

\bLXUAL REPRODUOriVk ORGANS 

TJic Spou’b 

The relative dimensions ol the sporoph;yte and gameto 
phyte m the different classes of plants vary conbiderabl;y 
There is, however, a somewhat regular series in both The 
morphology of the gametophyte will be treated of m a subse- 
quent chapter The sporophyte can be distinguished only with 
di&culty in the Algae and Fungi, and many of these plants do 
not possess one , in the Mosses the sporophyte is the theca^ 
capsule^ or sporogomiim^ which is developed from a fertilised 
cell or zygote at the apex ot the leaty shoot In the Ferns the 
sporophyte is the so-called plants as it is m the Equise turns and 
Club-mosses. The Phanerogams show the sporophyte in its 
best development, the plant as we see it representing that phase 
The reproductive organs of the sporophyte are speciahsed 
cells known as spores. These are generally single cells, usually 
furnished with a tough, sometimes much- thickened coat, en- 
closing, m addition to its living substance or protoplasm, various 
nutritive materials, such as starch, sugar, oil, &c The spore- 
coat in some cases is thin and delicate Spores are produced in 
vaiious ways in different plants, but are usually found in special 
receptacles known as spo'i a/ngia* 

As we have already said, similar asexual cells are very 
generally borne upon the gametophytes of the Algie and Fungi. 
These are known as gomdia, and the structures m or on which 
they arise may be called gomdangia. 

In the cases where the spoie has no outer wall, it must be 
regal ded as a naked piece of protoplasm. It is then frequently 
furnished with a number of vibratile threads at one or more 
points of its surface, by which it can move freely about in 
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water. Such a spore ib kno^^n as a zoospore. It only occuis 
m the lowest forms of plants, the Algie and Fungi. 

The asexual cells, or gonidia, which aie borne upon the 
gaiuetophytes of the AlgtO and Fungi, have the same structure 
as spores 

In the Vascular Cryptogams the spoiophyte of some plants 
produces one kind of spore only , that of others gives origin to 
two kinds, which dider from each other m si/e and m the form 
of gametophyte to which they give origin They are known 
as mictospotes and niactospoies or nieqaspotes respectively. 
According to whether one or two kinds of spore are produced, 
the sporoph>te is called liomospotous or hetetospotous The 
Phanerogams are all heterosporous, and special teiins are 
employed to chaiacteiise their miciospores and megaspores 
respectively The former are known as pollen gtainsy and the 
latter as emhnjo^sacs These terms were employed before the 
true nature of these structures was known, it is convenient to 
use them still, recognising, howevei, then tiue morphological 
nature 

The Sporangia 

A good deal of variety is found in the form of the organ on 
or in which the spores or the gonidia originate In unicellular 
plants the whole cell may become a sporangium oi gomdangium, 
as it sometimes does in Yeast, where its contents divide into 
four parts, each of which becomes surrounded by a cell-wall, and 
the four spores so formed become liberated by the disintegration 
of the original cell- wall In many Fungi there is no special 
gomdangium, but the gonidia are abstricted from certain special 
cells of the hlament or the surface of the thallus, and frequently 
form long chains which eventually sepaiate into distinct gonidia. 
In others the gonidia arc solitary at the end of a filament. 
Some botanists regard these as gomdangia, each producing a 
single gomdium. 

In higher plants the sporangium is not a single cell, but a 
differentiated multicellular body. 

In the group of the Bryophyta, or Moss-like plants, there are 
no definite sporangia, but the spores are produced m a special 
part of the sporophyte, known as the capsule or sporogomum. 
This must not be confused with a sporang%um^ as it contains 
other structures than spores , it is a highly complex body, and 
forms the greater part of of the agporophyte 

In all plants above the Masses the sporangium is a well- 
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differentiated roundish or ovoid structure, possessing a wall or 
coat, often furnished with particular cells to secure its opening 
when ripe In the interior is a cavity, in which the spores 
usually he free and present the structure already desciibed 

The position of the sporangia varies also U sually they arise 
on leaves, which are then known as sjjorojjhylls, each ot which 
may bear one, two, lour, or many They may be on the back 
of the leaf, as m most Ferns , on its edges, as in the case ot the 
iiiegasporangia, or ovules, of most rhanerogams , or in its axil, 
as in many Lytopodinie , or embedded m its substance, as in the 
Ophioglosaateie and the anthers of the Phanerogams The 
megasporangia of the Yew-tree among Gymnosperms, and those 
ot certain Angiosperms, arise on the axis oi stem, and not upon 
the leaves The megasporangia are moie frecpieiitly borne on 
the axis than are the microsporangia 

In many cases the sporangia aie found m isolated groups, 
when each group constitutes a soniSy as m most Ferns Some- 
times the spoiangia m a sorus are not isolated but coherent 
togethei, as m ManittiHy and m the antheis of the Phanero 
gams 

When a plant bears both microspores and megaspores, spo- 
rangia producing each kind may be present m the same sorus , 
or a sorus may consist of either micro- or megasporangia 
Generally, though not always, the sorus is covered and pio- 
tected by an outgrowth of the surface of the plant, known as an 
induaium The sorus is repiesented m the Phanerogams most 
clearly in the arrangement of the microsporangia of some Ca cads, 
which arc collected into groups on the siuface of a modified leaf. 
A kind of indusium is present in the Cupt eftainecey where the 
sporangia when young areco\ered by an outgrowth of the under 
surface of the sporophyll 

In other oases the sporangia are single and not giouped 
Such spoiangia then lepresent son, and each may be covered by 
an mdusium, as in the case of the megasporangium of A^olla* 
Some botanists hold that the coats or integuments which invest 
closely the megasporangium of the Phanerogams, generally 
called the ovule, represent this mdusium. 

When the spores are mature they are liberated by the burst- 
ing of the sporangium wall, and they give rise to their gameto- 
phytes after this liberation, the latter thus being free from the 
sporophyte. As already noted, however, an exception to this is 
found in the case of the megaspore of the Phanerogams, which 
genmnat^^ tnUitu in the sporangium fovule). 
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The inegasporangium of the Phanei ogams shows consider- 
able diversity of form in diffeient plants. It will be convenient 
to reserve a discussion of its principal features till the end of the 
present chapter, where it will be treated of under its popular 
name ovule 

The Sjjotophoie ot Injioi esiencc 

In the spoiophytes of aU the highei plants, the spoiangia, 
and the sporophylls on which they arise, are collected together 
to a gi eater or less extent, and thus give rise to peculiai niodi- 
hcations of the oidinary vegetative body In the so called 
Flowering Plants, or Phanerogams, ths sporophylls with their 
sporangia occur in special stiuctures known asjioivos These 
in turn are usually arranged upon special branches, which form 
a branch s;ystem, sharply marked off from the remainder of the 
plant This branch system constitutes what is generally called 
the spoiojphote oi uiflo) escence In many of the lower plants 
the inflorescence is not so conspicuously shown, the sporophylls 
often resembling the foliage leaves and not being collected into 
flowers The term floiver should not, however, be restricted to 
the st) called Floweiing Plants, but may be applied to any shoot 
especially adapted to spore -production The flower of the 
Phanerogams consists of an axis, generally bearing leaves, which 
may be of two kinds the sporophylls, or those which carry the 
sporangia, and certain protective leaves which bear the name of 
the perianth Sometimes the axis bears no leaves, and the 
sporangia are developed upon the axis itself, as in the case of 
the ovule of the Yew-tree Usually in Phanerogams the 
flower includes two kinds of sporophylls those bearing 
microsporangia, which aie named stamens , and those carrying 
megasporangia, which are known as carpels. Many flowers, 
however, contain only one of the two, and are then known as 
staminaie and pistillate respectively 

The sporoph;^!! may present many forms in most Ferns it 
tan be distinguished from an ordinary foliage leaf only by the 
presence of the sporangia on its under surface , in the Equi- 
setums, or Horsetails, it is a peltate scale , several sprmg 
together from the apex of the shoot, each bearing many sporangia 
between the scale and the axis ; m most Gymnosperms the form 
varies from a structure similai to that of Equisetum, to a broad- 
based, scaly leaf, with the sporangia on either its dorsal or 
ventral surface, asm the staminute and pistillate flowers of Pinus 
respectively. In the Angiosperms thd stamen is a club-shaped 
VOL. I. U 
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body with a bwollen head , the carpel is moie leaf-like, looking 
in its simplest form like a leaf folded upon its midrib, as if 
the latter were a hinge Its upper surface so becomes internal, 
and its margins are united in front, forming a closed chamber, 
the ovary Often when several carpels aie situated side by 
side, instead of their two margins uniting together, the margins 
of each fuse with those of their contiguous neighbours, forming 
a single chamber 

In plants higher in the scale than the Ferns the sporophore 
Fi(, 190 



Fig 190 Flo\^ermg stalk of the White Dead uettle iLamtum album), 
with leafy bracts and verUcillasters in their axil** 


forms a distinct branch system, easily distinguishable from the 
vegetative one. In consequence of its ultimate shoots taking 
the form of flowers, it is known as the intloiesccmce It shows 
a very great variety of form, depending on the mode of branching 
and the relative development of its several parts These 
vaneties must be treated of in some detail 

As m the case of the vegetative branch system, we ha\e to 
disQUSS the axis and its ramiflcations, and the leaves which axe 
borne upon it. The latter are all more oFless specialised, but 
fall into two categories, the leaves of the flower or ultimate 
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branch, and those of the axis apart from the flower, which are 
included nndei the general term hracty or hypaophijll It will 
be convenient to examine the lattei hist 


1. THE BRACT 


The teini hyact is properly applied only to the leaf fiom the 
axil of which a solitary flowei oi a floral axis arises All othei 
leafy structures which aie found upon such an axis in the 
cases m which it occurs, and nhich theiefore come between 
the biact and the flower propcily so called, should be termed 
hnutlets oi huiLtLolea These two kinds of bracts are, howevei. 


Flo 101 



not always distinguished in practice, 
the term btact being fiequeiitly used to 
dcsigiitite either variety 

Rracts vary much m appearance 
and in dimensions Some of them aie 
of considerable size and gieen in colour. 


Fk. 102 Fio 193 



Fuj 1*11 Flowering sitalk of the Pimpernel ( iroujallu 
tvt^nsis) b, h Solitary flowtrs arising from the 

axil of the leafy bracts, a, a Ftg 192 Calyx of 

the Marsh mallow (iUhwa officinalis) ^ Hurruuiided 

by ail cpicalyx or involucre Fig 193 Flower 

of tlic Strawberiy iFtagatiti vesca), hui rounded by 
an epicalyx or iuvolucic 

so that m most lespects they are almost 
indistinguishable from the ordinal y 
foliage leaves of the plant upon which 
they are placed, as in the White Dead- 
nettle {fig 190), and in the Pimpernel 


(fig. 191, a, a). Such bracts can really 
often be distmgmshed from the foliage leaves only by their 


position with regard to the fioiwer-stalk or flower. In most 
cases, however, bracts, although' very cdmmonly of a greenish 


ad 
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colour, are smaller than the foliage leaves In many plants 
they may be known from the ordinary leaves not only by their 
position, but also by dilfercnces of colour, outline, and texture, 
and by other peculiarities A number of them which are fused 
togethei to form the cupule of the Oak {Ji(f 197) are hard 
and woody, in the Hop (Jkj 216) they are membianous , in 
certain plants of i\iG Anitece and EiipJioibuK ete, coloured, in 
the dower heads of the Compositce, scaly , and other modifica- 
tions also occur 

Sometimes, when a number of biacts are situated m a whorl 
immediately below the calyx, it is difticult to deteimmc whether 
they should be considered as a part of the cal;yx or as true 
bracts , m most dowers of the order Malvaceie^ for instance, 
we ha\e a cncle of leafy organs placed just below the calyx, to 
which the term epical yx has been given [fig 192). 

Almost all indorescences are furnished with biacts of some 
kind or othei , it fre(xuentl> happens, however, that some of 
the bracts do not develoxi axillary dower buds, just m the same 
mannei as it occasionally happens that lea\es do not produce 
leaf-buds m their axils In some cases the non-development of 
dower-buds in the axil of bracts apjieais to arise simply from 
accidental causes, but in others it occuis very regulaily , lu 
the Purple Clary {Salvia Honninum) and the common Pine- 
apple {fig 167), foi example, there are numerous bracts without 
dower buds placed at the apex of the mdoresceiice Such bracts 
are called empty. When bracts are absent altogether, as is usually 
the case m the plants of the natural order C) iictfetiet and those 
of the Boragtnaceie, such plants are termed ebracteate , when 
bracts are present, the indoiescente is said to be braoteate 

Arrangement and Duration of Bracts —Bracts follow the same 
laws of arrangement as true leaves, being alternate, opposite, or 
whoiled, in different plants The biacts of the Pineapple fruit (jig 
167) show in a marked mannei a spiral airangement 

Bracts vary in their duration when they fall immediately aftei 
the dower-bud expands, they are said to be deciduous , when they 
lemain long united to the doral axis, they are persistent In some 
plants they persist and constitute a part even of the fruit in the 
Hazel-nut and Filbert they form the cupule (fig 198), in the Acorn 
they constitute the cup (fig 197) , and m the Hop (fig 216), in the 
Pir-oones (figs 168 and 243), and Pineapple (fig 167), they persist 
as membranous, woody, deshy, or scaly appenda^^es 

Vartehes of Broefs.— Bracts have received sj^cial names accord- 
ing to their arrangement and other characters. The bracts of 
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that kind of infloiescence called an amentum or catkm, as seen in 
the Willow {fig 214), Oak, Hazel {fig 194), Birch, and other plants, 
are usually of a scaly natuie, and are termed sguamce oi scales, 
01 the bracts are desciibed as squamous or scaly The bracts of 
the pistillate flowers of the Hop {fig 215) aie of a similar character 
When a circle oi whorl of biacts is placed aiound one flowei, as 
in the Marsh mallow {fig 192) and Stiawberry {fig 193), or around 
a numbei of flowei s, as in the Cariot {fig 195) and most othei 
Umbellifeious plants, they form what is teimed an tnvohicie In 
some Umbellifeious plants, as, foi instance, the Carrot {fig 195), there 
are two in\olucres, one at the base of the primary divisions of the 
floral axis or general umbel, a , and anothei at the base of each of 
the partial umbels or umbellules, 5, b , the foimer is then called the 


Fig 194 Fig 195 



Fig 194 Stanunate or male catkin of the Hazel fCoruTus AveJlana), showing 

a number of scaly bracts between the flowei s Fig 196 Compound 

umbel of the Carrot fDaucus Carotd) n General Involucre h, h Partial 
involucres or Involucels 

genet al involucie, and each of the latter an involucel or partial 
involucte In plants of the natuial order CompositcSt such as the 
Marigold {fig 196), Artichoke, Chamomile, and Daisy, and in some 
allied orders, a somewhat similar arrangement of bracts takes place, 
and the name of involucre is also applied m these cases In the 
involucies of the Compositss there are frequently two or three rows 
of bracts thils overlapping one another , the constituent bracts of 
these latter involucres have been termed phyllanes Sometimes 
the bracts of an mvoluore grow together at their bases, and form 
ultimately a sort of cup-shaped body surrounding the fruit, as the 
cup of the Acorn {fig 197) and tip husk of the Filbert'or Hazel-nut 
(fig» 198) , they then form what is called a cupule 
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When a bract is of large size and surrounds, as a kind of sheath, 
a single flower or a number of floweis, so as to completely enclose 

them while they are young, 
Fig 196 as in the Bnowflake {-fig 199), 

the common Aium oi Cuckoo - 
pint (fif) 200), and Palms (fig 

217) , it is called a spathe The 
spathe IS generally found sui - 
rounding the kind of infloies 
cence called a spadtv, as in the 
Alum {fig 200) and Palm (/?<7 

218) , it IS also very common 
in othei Monocotyledons The 
spathe ma} be eithei green 
like an oidinaiy leaf, as m the 
Cuckoo pint , 01 colouied, as 
in Richaid%a cethiopica In 
some Palms these spathes aie 
of great length, occasionally 
even as much as twenty feet , 
and as man> as 200,000 flowers 
have been counted m them 

Fiif 196 Cftpitulutu of Mftng’oUl (C alt'n SirviTiptiiDPS tVip fstiflfliv Af n 
dula\ showing the flowers enclosed in spaUlX ot a 

an mvolncre Palm branches {fig 218), and 


Fig 197 Fig. 198 



Fig 197 Fruit of the Oak (Queretts Robur)^ surrounded bv a oupule 
Fig 198 Fruit of the Hazel {Corylun Avellana)^ with a oupule at Its base 

then we frequently And smaller spathes surrounding its divisions^ 
whiph have been named spathella The term ^>athe is sometimes 
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lestiicted to the large enveloping bract of the spadix , the biacts of a 
similai character, which enclose only a single flowei or at most very 
few, as frequently occuis among Monocotyledons, are then called 
spathaceous bracts 

Besides the biacts which surround the head of flowers of the 
Coinposita; and foim an involucie it fiequently happens that the 



Fig 199 Flo^^erof the Spring Snowflake (Leucojum vnnum), arising from 

the axil of a spathaceous bract or spathe Ftg 206 Spadix of Cuckoo 

pint ( 4; um maculatum) enclosed in a spathe, a portion of which has been 

removed to show the flowers within Fig 201 Receptacle of theCha 

momile {Anthemn nobilis), bearing tubular flowers ( florets)^ a, and 

bracts, & , the latter are isometlmes termed palece lip 202 Locusta 

or splkelet of the Oat (-Arena sattva) gl,gl Glumes ps^pt Palece or 
pales a Awm arising from the dorsum of the outer pale, ps fs An 
abortive flower 


individual flowers or florets (fig 201, a) are also provided with little 
bracts, 6, which are then generally membranous in texture, and 
colourless, as in the Chamomile These have received the name of 
palecBy or — to distinguish them from certain floral leaves found in 
Grasses which are ksiown by the same name — they may be termed 
of the receptcLcle, 

The only other bracts whi^ have received special names are 
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those found in plants of the Oramineca and Cyperacece The partial 
inflorescence of a Grass, which is teimed a locusta or spikelet^ has at 
Its base one or two bracts, which are called glumes (fig 202, gl, gl) 
while in the Cypeiaceae each flower aiises from the axil of one or 
two similar bracts 


2 THE AXIS 

The various kinds of branching that have alread\ been 
examined ha^e been seen to be three — the dichotomous^ the 
monopod lal or racemose ^ and the cymose^ usually sympodial 
In the inflorescence wo find the first of these doubtfully oi not 
at all represented , we have therefore to deal only with the last 
two These are sometimes called Indefinite or Indeteiminate 
and Definite Q\ Determinate lespectivelv In the foimer, the 
primary floral axis is ne\ei terminated b^ a flower , hence it 
has the powei of eithei glowing in an upward direction, in the 
same mannei as a stem or bianch has the powei of elongating, 
and thus adding to its length, oi of dilating moie oi less hoii 
7ontally Theie is consequontl'^ no necessaiy limit to the 
growth of such an axis, and hence the name of Indeteiminate 
or Indefinite which is applied to it Such an axis develops 
flowei buds m acropetal succession as it continues to elongate , 
from them flowers are produced, and these, like the buds of a 
stem or branch, are commonly situated in the axils of leaves 
which are here called bracts, as we have seen All the floveis, 
therefore, of an Indefinite Inflorescence must be necessarily 
lateral This inflorescence is also teimed monopodial The 
general characters of Indefinite, Indeterminate, or Monopodial 
Inflorescences depend therefore upon the indefinite grow^th of 
the primal} axis , while the ultimate axes which are developed 
from it are terminated by flower buds In Definite or Deter- 
minate Inflorescences, on the contrary, the primary axis is ter- 
minated at an early peiiod b} the pioduction of a flower-bud, 
such an axis has therefore a limit at once put to its giowth in 
an upward direction, and hence the names of Definite^ Deter- 
minate^ or Terminal, applied to it 

Each of these primar} divisions presents us with several 
modifications, and a thud class is not uncommonly met with, 
which, as it includes both modes of branching, is commonly 
spoken of as mixed, inflorescence 

Before discussing the different foims of these, there are cer- 
tain peculiaiities and varieties of the axis itself which we must 
considei. ^ 
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The teiiia peduncle is applied to the stalk of a solitary flowei, 
whether axillary {fig 191, 6, h) oi terminal {fig 199), and to a 
floral axis which bears a number of sessile flowers {figs 211 
and 212) , if the floral axis branches and each bianch bears a 
flower {figs 209 and 210\ the main axis is still called a 
and the stalk of each flowei ^ 2 ^edicel , if the axis is still 
further subdivided, the general name of peduncle is applied 


Fig 203 


Fig 204 



Fig 205 




Fiq 203 Hypaiithodium of the Fig {Funs CartcaX 
‘^bou mg pear shaped fleshj receptacle bearing 

flo^\els on its inner surface hg 204 Ooen 

anthiuin of a species of Dorstenia Fig 205 

Female plant of YaUnnerxa spirahs^ with its 
flowers arranged on spiral peduncles 


to the whole, with the exception of the stalks immediately 
suppoitmgthe flowers, which are mall such cases called pedicels. 
When the floral axis is thus branched, it is better to speak of 
the mam axis as the primary axis {fig 210, a')^ its divisions 
as the secondary axes, ct", and their divisions as the tertiary 
axes, &c 

Kinds of Peduncle — Under certain ciicumstances peduncles and 
pedicels have received special names When a peduncle is elongated, 
and gives ofl from its sides sessile flowers ( figs 211 and 212), or 
branches bearing flowers (figs 209 and 210), it is called the rachis , 
but if, instead of being elongated, it becomes more or less dilated. 
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and bears numerous flowers, it is termed the receptacle The re- 
ceptacle varies veiy much in form, it is flattened m the Cotton 
Thistle ( fig 223), conical in the Chamomile (fig 201), concave and 
fleshy in the Dorstenia (fig 204), pear shaped and hollowed out in 
the Fig (fig 203) It may assume a variety of other intermediate 
forms 

It should be obseived that the term leceptacle is sometimes 
applied to the extiemity of the peduncle or pedicel upon which the 
paits of the flowei aie placed This is, however, pieferably called 
the thalamus 


Fio 206 


Fio 207 



Fiq 206 Peduncle of the Lime tiee ( Tiha evy opcea) attached to the bract, h 
Fig 207 Branch of Woody Nightshade (^Solanum Dulcamaui\ W’lth 
extra axillar\ peduncle, ami nuriculate leaf 


When plants which have no aerial stem beai flowers, the 
peduncle necessarily arises at the level of, or under, the ground, in 
which case it is called a scape or radical peduncle (fig 200), as in 
the Spring Snowflake, Tulip, Hyacinth, Primrose, and Cowslip 
The scape may bear either one flower as in the Tulip, or several 
flowers as m the Hyacinth 

Forms of Peduncle— In form the peduncle is generally moie 
or less cylindrical, but besides the departure from this ordmary 
appearance exhibited by the receptacle just described, and its 
modifications, it frequently assumes other shapes It may become 
more or less compress^, or grooved in various ways, or excessively 
enlarged during the ribenmg of the fruit, as in the Oashew*nat , 
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or it may assume a spiral character, asm Valhsvena (fig 205) 
other modifications also ma> occui 

Sometimes the peduncle, or se\eial peduncles united, may 
assume an irregular flattened appearance, somewhat lesemblmg the 
fasciated branch already desciibed, and may beai numeious floweis 
in a soit of ciest, as in the Cockscomb, and m the Cauliflowei, ^\here 
the united fleshy branches of the peduncle foim a lounded mass 
healing on its uppei part aboitive floweis 

Insertion -In speaking of the blanches of a stem, we found 
that in some cases, instead of aiising m the axils of leaves, they 
become extia arillaiy in consequence of adhesions of \aiious kinds 
taking place between them and the stem and other paits In like 
mannei the peduncle may become extra axillary by contracting 
adhesions In the Lime tiee (fig 206) the peduncle adheres to the 
midiib of the biact, b, foi some distance, and then becomes free, 
while in many Solanacefr, as m the Woody Nightshade (fiy 207), 
the peduncle becomes extia axillaiy by foiming adhesions to the 
stem or blanch in various ways 

We luav nou pioceed to desciibe the chief foims of infloies 
cence btdonging to the tlucc kinds already mentioned 


Indefinite o? Bacemose Infloi escence 

This foim has been named hotiyose by Eichler, a teim 
i\hich, howevei, does not seem preferable to the oldei name 
racemose As we ha\e said, in this vaiiety of floial airangement 
^he mam axis is nevei teiminated by a flowei, but continues for a 
considerable time to gn e off flowers just behind its apex In most 
cases the axis is elongated to a gieatei or less degree, and, as from 
the mode of de\elopment the oldest floweis are faithest from its 
apex, then oidei of expansion is aoopefal oi ascending In 
other cases the axis becomes conical, flattened, or even concave 
at its summit The growing apex is then at the summit of the 
cone or lies in the centie of the flattened portion The youngest 
flowers consequently appeal in that position and the oldest ones 
are at its peripheiy. The ordei of expansion is in these cases 
said to be centi ipetaL 

A nmnbei of flowers being thus developed upon an elongated, 
shortened, oi dilated peduncle, several varieties of this kind of 
inflorescence exist, dependmg upon the extent to which the floral 
axis branches^ the comparative lengths of the flower-stalks, or 
^eir complete suppression, and other subordmate circumstances. 
‘Bhe chief forms may be described under three heads : first, those 
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which have an elongated pi unary axis ; second, those in which 
the primary axis is shoitened , third, those in which it becomes 
dilated and fleshy The first two may be fuither subdi\ided into 
simple and compound t'vpes, the foimer including those m which 
the mam axis produces flowers only, the lattei those m which it 
develops secondary peduncles on which several flowers arise 


Fio 208 


A Foimn yo^ae^sing an Elongated Primary Axis 
1. SIMPLE FORMS 

The simple foims of this class include the Raceme and the 
Spike, with then \aiietie8 

a The Raceme - This is the simplest inflorescence of the 
indefinite type, and fiom it the name lacemose is deiixed. The 
elongated peduncle beais a number of flowers m aciopetal suc- 
cession, each being furnished with 
a pedicel When full> foimed the 
pedicels aie neaily of equal length 
Examples of it oceui in the Cnriant, 
Mignonette, Hyacinth, Laburnum, 
Barbeiij, Fumitoiy, &c Such a 
foim is seen m fig 208, the laceme 
of a species of Prunus It will be 
noticed that the floweis at the lowei 
pait of the peduncle are full> ex 
panded, while those at the apex aie 
still in the condition of buds The 
acropetal ordei of expansion is there 
foie easily observable 

b The Coi gm h — This is a variety 
of the laceme, m which the pedicels, 
instead of being of nearly equal 
length on the peduncle, are of diffei- 
ent lengths {fig 209), those (a'\ a") 
at the base of the piimary axis a' 
being longer than those towards and 
at the apex, so that the whole form a 
level, or nearly level* top. Examples may be seen in some species 
of Prtinua {fig. 209). It frequently happens that after flowermg 
the primary axis elongates, and the corymb becomes a raceme , 
this may be seen in many Cruciferous plants, such as the Wall- 
flower or Stock. 

Cf Tfw Anthela . — In several species ot Juncus BXid Luzula 



Fig 208 Raceme of 
of Cherry {Fnmm Padus) 


a species 
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the pedicels of the lower flowers are so long that they are elevated 
above the upper ones. The form of the inflorescence so becomes 
concave on the upper surface This variety is known as the 
antJiela 

d The Spike — This differs from the raceme only in the 
flowers being sessile on the mam peduncle , oi if there are any 
pedicels, they arc so short as to be indistinguishable without re- 
moving the flowers fiom the axis Examples of it may be seen 
m the Eib-giass (/ig 211) or the Vervain (fig 212). 

There are four kinds of indefinite inflorescence which aic 


Fig 201 ) Fk, 210 



I'uj 209 Simple corymb of a specks ot Pmnin (Ceiaaus) a Primary 
axis, bearing bracts, b, b, from the axis of Avhich pedicels a", arise 
/i }7 210 Compound or branching corymb of the Wild Service tree 
(Pjffwi tor mi Halts) a' Primary axis a', a" Secondary axes a"\a"' 
Tertiai y axes &, b, b Bracts 

modifications of the spike. These are the Amentum or Catkin 
the Spadijc^ the Locusta oi Spikelet^ and the Strobile 

e. The Ament am or Catkin — This is a kind of spike which 
usually bears monosporangiate flowers— that is, only staminate 
(fig, 214), or only pistillate (fig 215) ones The axis or lachis is 
usually of a very weak character, so that the catkin is pendulous. 
The flowers of an amentum are also usually separated from one 
another by scaly bracts The stammate catkins commonly fall 
U# m one piece, soon after the process of flowering. The bracts 
Isoiye in some cases one flower and m others several m their 
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axilb Vll plants with this kind of iiiHoiosccncr aie called 
amevtaunu'^ oi tiimnltfitoiib Our tn ts afloid iiuiiieious l\ 
aiiipks, as tin Oak, ANillow, Ihidi, and Poplai 

f I'ht SpadtJL is I spikt witli « sn(<iil(Mt a\is in which the 
individuil (low(ishi\( no spci lal bi<icts hut tin w hole inthm s 
f tint IS t nt lost (I in th it \ ii u I v ot biat t w hull is ( ill( d i spat lu 
This IS well sein in tlu Cuckoo pint ( /n/ iOO), wheie the bptidi\ 


Fi(. 211 bio 212 Fio 213 



t m Jll SjiiKi til i-'ptu " of Hih jfi Is- { /‘iiiHioii i) /hi JI 2 spii^, ,t| 

\ti\iiii {\t/lnnfn I hi 2 \i Infloit t III I ot W In a {/iifhuiii 
< /// /o/i ), toii-<i*.ni\_ ol miiut loll', Stasik spikt let" III iiutiloii oi t loiijf iti <l 
ptiUiiii k [nh/n'>) 

iniludMl in till spitln hi ,ii s st iinin iti mil pistill itc tlowt i s, tlu 
lattii hi mu III nist its hisi 'I he tciiii spuhv i also iisii.ill\ 
appliiillo isuKiiknt spiki wlulhii iiiMlojiiil in i -pithcoi 
not, IS 111 till Swiit 1 I I-, ( \f t»nf\ ( (f/iniins) 

I In I tH (>/ S/nhItf rills n mu is t^iMH to tlu 
ulliinati hiaiuhcbol tin iniloii sci m c ol (ii issi s ( //// 202) .md 
Sedges In the Glasses it is a spilvo with a few tiowcis, and 
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these destitute of a tiiie calw tml (oiolli, llu ii ))1 u ( hcini; 
occupied b\ palece oi palcb {Jig ‘20J, pi) and tin whole 
infloics( ( i!( suiiounded at the base b> one oi two empty bracts 


Fi(. 214 Fio ‘215 



{(flumes)^ gl, gl These spikelets be either sessile on the 
elongated peduncle oi lachis, as in the Wheat {fig 2113), or they 
may be placed on a moie or 
less branched axis, as in the 
Oat {fg 220) 

h The Strobile — This ib 
a kind of spike foiiiied of per 
sistent meiubianous bracts or 
scales, each of which beais at 
its base a pi8tillat( llcwc ) It 
IS seen m the linp ( //y 210) 

2 (OMrOLM) lOUMs 

lh< ( niiipound loiins ol 
tlic i,i((nu)s( t^vpc of infloi 
c s( elite iiK hide all the modifications ot ilios( ih( uh ihscnhed 
m which tilt m mi pi dniH h Ik ,ii s secondal^ jit tliiiK h s nist< ad nf 
single flow t IS in till t\i] ot tin biacts Tlu' lollow mg nt the 
chief \ ai K 1 K s 

1 1 h( l'<nn<l< rills IS a compound ] ICC iiK , Ol OIK in winch 
the s( t ond n \ ))( duiK It s bt ,11 1 K tine s lyn/ 217) The ((ondns 
axes nia_) thtinscUcb biaiich iii the same wa;y as the pmn u \ 


Fit. 216 



/ /</ 2 Ie> I'f tin llcip 

( lh(iiii<lii / "/ nhis) 
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one and form tertiary axes, &c , the ultimate subdivisions of 
which bear the dowers For an example we may take the Yucca 
glonosa 

Hometmies the ultimate lacemes aie lepresented byspikelets, 
as m the Oat (/ig, 220) 

k The Compound Conjmh ~~T\n^ may be seen m some 
species of Py/ {Jig 210) It is sometimes called panicled 
corymb It diffeis fioiu the panicle as the corymb differs from 
the raceme 

1 Th(^ Compound Spike — An mstancc of this is seen in the 
"Wheat and certain other glasses 



in The Compound Spadix — This foim is seldom met with, 
as the spadix does not often branch. Instances may be seen m 
ihe Palms {Jig 218) 

B Forma poasesaing a Shortened Primary Axis 

Of these we distinguish the simple and the compound 
Umbel. 

n The Umbel — When the primar;y axis is shortened, and 
gives off from its apex a number of secondaiy axes or pedicels of 
nearly equal length, each beaiing a flower, an umbel is formed, 
as m the Onion and Cowslip (Jig, 222).^ When the secondary 
axes themselves divide, and form tertiary axes, which are also 
ai ranged m an umbellate manner, a $i^pound umbel is pro- 
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duced. This is seen in the Carrot ( fiq 195), the Fennel (fi<f 
221), and other allied plants, which are hence called umbelli- 
ferous, and give the name to the Natural Order Umhelhferep, 
In the compound umbel (flq 221), the piimaiy umbel at is called 
the qeneial mnhel, and the othei umbels, h, b, h, formed by the 
division of this, umbels oi umhelhile<i When the base 

of the geneial umbel is sui rounded by a whorl of bracts ( fiq 


Fm 218 Fio 219 Fio 220 



Fig 218 Branched gpadlx of o. VaXm (ChanwfopsX enveloped in a spathe 
FHg 219 Inflorescence of Wheat iTriticum vulpare), consitsting of nume 

rous sessile splkelets arranged on an elongated p^uncle (rachis) 

lig 220 Branched or panicled arrangement of the splkelets of the Oat 
(Avena satim) 

195, a), they constitute a gene't al tnvolucre . and if other bracts, 
6, 5, are arranged in a similar manner around the partial umbels, 
each of these whorls of bracts forms an tnvoUicel or parhal 
mvolucre. These varieties of arrangement have already been 
alluded to when speakmg of bracts. 

When an umbel springs laterally from a stem in such a way 
that there is no primary pedufiKile at all, it is sometimes 
VOL. I. ^ I 
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called fx fascicle It must not, howevei , be confused with the 
fascicle which is a vaiiety of the polychasinm (page 120) 

Fio 221 Ft(, 222 



Fo) uts mith a Dilaful hleslty yl//v 
These can he seen to he (oiistiiuted in the same Wti\ as the 


laccine 


In the latter tlu main axis is i ^eiy much elongated 
com, and each flower or 


Tk. 22:J 

f„\ 



t (Q 22i Lapituluui ot suibi"ii » s< ihi n 
The outermoht floitts hi oh-eiM 

to be more expanded tboi the imiei 


blanch is subtended by its 
biact In the simplest 
foiins of the flattened t>pe 
tlie cone becomes ^ely 
imi( li slioitened and 
dii it( d it its base, so that 
th( oidt i of expansion of 
tlu jlowiis IS centripetal 
I itlu i tlim an ojictal In 
the nioi e complicated ones 
the conical foi m, b\ the 
still fiutliei dilatation of 
tlie basal region, becomes 
com ei ted into a tl ittcncd 
oi e\ en cu)) sli ipi d m < (^p 
tacle 'Idle bi.Ktsot the 
lowei poitioii oi tin axis 
111 IN be aggregated to 
thn at the base of the 
leceptacle and form an 
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involucic In man} cases, howe^ ci, they aie suppressed eii 
tirely Of this iorin of infloiest once we Inu e three ^ aiieties, the 
capitnhun^ the coenantluuui, nid the Itypanthodiuin 

o The Capitnhmt, Anf /Kuhnnt, at ILdd —Tins inflores- 
cence IS usually foiined h\ \ n(niil)oi of stssile flowers or 
floiets crowded togctliei on a leceptacle, and the whole siii- 
lounded by an nnolucK {Jig 223), but in some cases the 
floiets are few m numbei, while horn othei capitula the 
m\olucra aie absent The receptacle, as we have seen, may be 
either flattened, as in the Cotton Thistle {fig 224) , or slightly 
concave, oi slightly convex as in the Dandelion , or conical, as 
in the Chamomile 

Fig 224 



The capitulum is the universal foim of mfloiescence m 
plants of the Natuial Orders Comijositce send Dipsacece , it also 
occurs occasionally m some others 

p The -“When, as m Doistfnia { ti<f 226), 

the receptacle is nearl} flat, but its maigins are slightly curbed 
upwards, and the floweis \eiy imiint( and embedded m it, we 
ha\e a form which has been teimed ix( wnanthi n)n 

q The Hifpanthodi^im — This form is sliown in the Fig 
{Jig 225) The receptacle, wdnch is conical m the capitulum, and 
IS slightly conca\e, with tinned up rim, m the coenanthium, in 
the hypanthodium becomes a hollow cup, almost oi completely 
closed at the apex and liaMiig the flowers arranged all over the 

I 2 
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inside surface The in\olucre, which is so prominent a featuic 
of the capituluin, is absent from the hypanthodium 

Many of these types are found to merge into each other, and 
the identification of some forms becomes difficult The only 
difference between the spike and the laceme being one of 
length of pedicel, and this being a vei3^ vaiiable part, it is 
evident that the line of classification becomes somewhat arbi- 
trary^ The infioiescence ina^ change its character as it grows 
older, as has already been pointed out in the case of the corymb 
Difficulties of identification also sometimes arise m consequence 
of the modification and suppression of bracts, and various distor- 
tions that mav occur duimg giowth 

Fia 225 Fiu 226 



Fig 225 Hypanthodium of tlie lig 
iFicut Carica), shoA\mg pear- 
shaped fleshy receptacle bearing 

flowers on its inner surface 

Ftg ’226 Ooenauthium of a specie«i 
of Dorstenia 



Defimte or Cymone Inflorescence 

In all kinds of definite inflorescence the prnnliry is^is, as we 
have seen, is arrested in its gro^\th at an early age by the 
development of a tenninal flower-bud If the axis bears no 
other flower, this is called a solitary terminal flower, and is 
the simplest form of this variety of inflorescence Examples of 
it may be seen in the Stemless Gentian {flg. 228), and m the 
Wood Anemone. When other flowers are produced on such an 
axis, they must necessarily arise f|pm axillary flower-buds 
placed below ^ the ^rminal one, ^these form secondary 
axes {fig, 227, a'),'%ach of which in like manner is ter- 
minated by a flower-bud, , if further axes, a" \ are developed 
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from the secondary ones, these also must be axillary, and 
end in a similar manner in flowers,/"', these axes may 
also form other axes of a like character, and so on. Hence 
this mode of inflorescence is definite, detenninate, or teiminal, 
in contradistinction to the former or indefinite mode of 
inflorescence already described, where the primary axis con 
tmues to grow in length, and 
never ends m a flowei 
Definite inflorescences aie 
most common and regulai 
in plants with opposite oi 
wliorled leaves, but they also 
occur 111 those which have 
alternate leaves, as may 
be seen m the species of 
Eanuntuliia (Jig ‘227) In 
definite inflorescences the 
flower buds necessarily fol- 
low a different order of 
expansion from those of 
indefinite inflorescences In 
them the teimmal flowei is 
the oldest and consequently 
the first developed {Jig 227, 

/), and other flower-buds 
are produced m succession, 
either from the apex towards 
the base of the plant, if the 
axis IS elongated, , oi 

from the centre towards the 257 RaummUm bMo^m 

circumference, if it is short- «'»«' ruumry axisteimiimteil by a full\ 
j j 1 1 . j mu expanded ttowei, f a” Secondary axis, 

ened or dilated ine upper- winch is also terminated by a floi^er,/", 

most flower-bud of the elon develoj^d as/ a'" Tertiary 

termiuatetl by a floi\er-bud, 
gated primary axis (Jig, 227, which is less developed than / and/' 

/'), and the central one of the 

shortened or dilated axis, open first , and the expansion of the 
other flow er-buds proceeds in succession downwards, or towards 
the circumference, according to the character of the primary 
axis. Such an order of expansion is called centrif ugal. Hence, 
while the indefinite kmds of inflorescences are charactensed by 
an aeiopetal or centripetal order of expansion, those of definite 
mflorescences are centrifugal. The name cyme is given to 
many-flowered inflorescences o^this type. 


Fic, 227 
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A Forms of Cyrnose Inflot escence with no Pseud axis 

a The Sohtaiy Terminal oi Axillary P'loiver — The simplest 
kind of inflorescence of the cyrnose type is that presented by 
such plants as the Pimpernel ( fig 191), in which sohtai> floweis, 
&, 6, are developed in the axis of what are commonly regarded 
as the ordinary foliage lea\es of the plant, a, a The primaiy 
axis of the plant bears thus several secondaiy axes, each ending 
in a flower, which is therefoie axillaiy when considered m 
relation to the primary axis, but terminal as regaids the 
secondary one The mam axis itself terminates m a flower 
in the cases of the Gentian {fig 228) and the Anemone 
already alluded to When such flowers are arranged m whorls 
round the stem, as in HijyjniriSy each flower being m the axil of 
a leafy bract, they are said to be who) led {fig 229) 

Fig 228 Fig 220 




I nj 228 Solitir> teiminal flower of (tt^iUiana 

(uaulis hg 229 Wlioiled leafy bracts 

111(1 MilitiiN flowciis of Mare’s Tail 

( Hippo) Is i oh/oi is ) 


b The Dichasium — In this variety the mam peduncle is 
terminated by a flower, and some little distance behind the apex 
two opjiosite bracts occiii, from the axil of each of which 
anothei peduncle arises, teimmated m like manner by a flowei 
Each secondai;y peduncle in like manner gives rise to two more 
flowei s This order of de\elopment may be continued foi some 
time an infloHscciui of considerable si/e resulting, as m 
E) Iff Ji) {( (I ( ( nhi n ) niiii {fig 2fll) Veiy frequentlv the axes of 
high Older gne use to oiih one flowei instead of two, the other 
with its bract not being de\ eloped The dichasium, fioiii the 
regulaiity of its foiking, is sometimes called .i /u/sf dn hofimiy 
It can be distinguislH d from a true dichotoiii\ b\ tlu pn si nee 
of a tlouoi m tlu nie:1e of tlu folk 
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A diagram of the dichasmm is given in figure 234 a 
c TKe Polychastum —This differs from the dichasmm only 
in having more than two secondary axes springing from each 
peduncle below its terminal flower Frequently the primary 
terminal dower is suppressed, so that the secondary axes 
appear to originate at the apex of the mam peduncle without 
reference to a dower The true nature of the mdorescence can, 

Fig 230 Fig 231 



Fvf 2,10 Dicliasial cyme or dicbasuim of u species of Cei asttum a Primary 
axis terminated by a flower a", a" Secondary axes, two in number, aris- 
ing from the axils of opposite bracts, 6, and terminated also by flowers 
a'", a"\ a"\ a'" Tertiary axes, four in number, arising from bracts, &, 
and bearing other bracts, b, from which the quaternary axes, eight in 
number, arise, a"", a"", a The flowers are more developed on the 
primary axis than on the other axes , thus the one terminating that axis 
is in the state of fruit , the flo'w era of the axes of a” and a"' are also in 
fruit, but less developed than that of a\ while m the axes a"" the flowers 
only are expanded f ig 231 Dichasial cyme or dichasium of the Cen- 

taury {Etythicm f'en(aurtum) a\a'\a''\a"" Floral axes 

Flowers terminating those axes resiiectlvelj The flowers will be 
observed to be most developed in proportion to their age , thus/' is in the 
state of fruit , expanded , and the others still in bud 


however, be seen from the fact that the order of expansion 
of the dowers is centrifugal Examples can he seen in the 
Laurustmus {fig 282), and others 

A good deal of complication often arises from suppression of 
the bracts, or from distortion due to condensation of the inter- 
nodes or to irregularities in growth. An example of this kind 
may be found m the inHorefl^nce of the Sweet William, a 
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member of the Carijophyllacecd This has been called a fascicle 
In it the successive axes are developed so as to bear .their flowers 
at the same level, forming a flat-topped cyme, which super- 
ficially resembles a corymb 

Fig 232 



Fig 232 Polycbaslal c>uie of Laurustiuus ( 1 ibut num 7 uws) 


d The Cymose Umbel — This differs from the polychasmm 


in having the mam axis as long 


Fig 233 



tig 233 Diagram of \ erticillaster, 
a, «*, a"*, successive axes, each 

ternmiated by a flo\>er The 
dotted hues indicate the positions 
of the suppressed brancli of each 
axis 


h or longer than, the secondary 
ones, ti number of which arise 
some little distance below its 
apex The secondaiy axes do 
not give rise to tertiary ones, 
so that the form of the true 
01 racemose umbel is simu 
lated The order of expan- 
sion of the flowers reveals its 
true nature Examples are 
seen m the Pelargoniums 
e The VerhcUlaster — 
This IS a very much con- 
densed cyme, the flowers of 
which have very short pedi- 
cels, and therefore appear 


almost sessile The first axis gives rise to two branches, 
but the latter and their succeeding branches generally bear only 
one each (fig, 288). The whole verticillaster appears much like 
a cluster of sessile flowers Instances of it are afforded by most 


plants of the natural ordei Lahiatce, which bear two such cymes 
in the axils of opposite leaves, so that the flowers appear to 
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surround the stem A pair of such axillary cymes is sometimes 
called a glomeride {fig 190) 


B Fotma of Cijmose Infioresceiice with a Pseud ajLts 

These can be understood by a comparison of them with the 
dichasium {fig 234) Instead of the mam peduncle bearing two 
bracts each with a secondary axis in its axil, only one is produced, 
the other being suppressed , this secondary axis behaves like the 
primary one, bearing only one tertiary axis This mode of 
development may be continued for some time, and thus, by the 
coalescence of the parts of the succobsive branches below the 


Fio 284 



bract which each bears, a central axis, or rather pseud-axiSy is 
produced, which is at hrst zigzag or curved in shape, but which 
frequently becomes straightened during subsequent growth. 
This kmd of mflorescence is called a sympodial cy7ne. 

The bracts of the suppressed axes are generally not developed, 
but can occasionally be found. In any case the true nature of 
the inflorescence may be ascei tamed by noticing the relation ot 
the bracts to the flowers. In /the raceme this relationship is 
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unmistakable , in the sympodial cyme a bract appears opposite 
to the flower upon the axis, this showing that the flower is 
really terminal, and the portion of the axis between it and the 
biact IS a part of a sympodium {fig 285) 

When development is normal each flower is subtended 
by a, bract , that is, it arises in the axil of the latter 

We can distinguish two forms of the sympodial cyme 
f The Hehcoid Cyme — This form is produced when the 
suppression of the successive axes takes place on the same side, 
causing the sympodium to be cuiled up m the manner of a helix 


Fi(, 235 Fig 236 



236 Instances of helicoid cymes (after Gray) The successive axes, a, 
a*, *SlC , are each terminated by a floiver, and each arises on the ante 
cedent axis in the axil of a bract In the figure on the right, both bract 
and secondary axis are suppressed continuously on the right-hand side 
In the figure on the left, both bracts are represented, and the axis which is 

suppressed is indicated by a dotted line Fi{/ 236 Helicoid cyme of 

the Forget me not ( Mvosotis palmtt ts) 

{fig 284, jB) The succebsi\ e axes may be developed in a plane 
at right angles to that of the mam peduncle and its first branch, 
or in one which is parallel to it Flichler distinguishes the latter 
under the name of the drepanium. 

Examples of the helicoid cyme may be found m many 
Boragtnacece^ as the Forget-me-not (fig 236) and the Comfrey 
(fig. 287) 

gi The Cyme , — In this form, instead of the 

branches bemg |i]^preB8ed umformly upon the same side of the 
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dichasium, the suppression takes place on the two sides alter 
nately {fiq 234, C, D) Subsequent growth generally causes the 
sympodiuin, which is at first zigzag in form, to become straight 
The parts of each axis above the insertion of the bianch remain 
weak and aie displaced laterally, causing the inflorescence to 
simulate the raceme, from which, howevei, it can be distinguished 
by the position of the bracts, as already described 

As in the last case, the branches may arise m the plane of the 
original dichasium, oi m one at right angles to it Eichler dis 
tmguishes the formei undei the name of the rhipiditim {fig 288) 
The scorpioid c;^me may simulate the corymb, as m the 
figure last referred to, where the lengths of the successive axes 
are such as to bring the flowers to the same height It can be 


Fig 237 



ttg 287 Helicoid cyme of Comfrey oj^anaZe) 


distinguished from the true corymb by the position of the bracts, 
and by the originally zigzag shape of the sympodium Some- 
times the bracts are not developed, when it becomes ver^*^ difficult 
to determine the true composition of this inflorescence. 

Instances of the scorpioid cyme are found in the Sundew 
{Droseia), the Rock-rose {Hehanthemum)^ &c. 

MiJtfed Inflorescences. 

This kind of inflorescence is by no means uncommon. The 
term is applied to such coUee^ns of flowers as show a con- 


124 


MANUAL OF BOTANY 


junction of both the types aheady discussed Various degrees 
of complexity can be found, of which the simplest occur when 
the general inflorescence develops m one way and the partial 
or individual inflorescences in the othei In some plants of 
the natural order Compoaitce {fig 239), the terminal capitulum 
IS the hist to expand, and the capitula, as a whole, are theiefore 
developed m a centrifugal manner , while the individual capitula, 
as we have seen, open their florets from the ciicuiiiference to the 
centre, or centripetally , hence, heic the general mfloiescence 


Fig 238 



Fig 239 


Fig 240 




Fig 238 Diagram of the Rhipiduim The succes>feivt axe* are marked a, a\ 
a'\ «&c The basal portions of each being thicker than the rest, a sym 
podium of zigzag form results, as seen in the centre of tlie hgure Tlie 

order of expansion is seen in the lower figure as viewed from above 

Fig 239 Mixed inflorescence of a species of &eneao Fig 240 Figure 

of the leversed raceme (aftei Gray) 


18 definite, and each partial inflorescence indefinite* In the 
Labiatce we have the contrary arrangement, for the individual 
verticill asters open their flowers centrifugally {fig 283), but the 
general inflorescence is centripetal. 

The folio wmg forms also lUustiate mixed inflorescence, 
a. The Beversed Baeeme — This, though of the cymose type, 
IS arranged somewhat like the true raceme, inasmuch as the 
mam axis is stionger than its branches, but these aie developed 
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ba&ipetally upon it {Jig 240) The oldest liowei terinmates the 
mam peduncle, two younger ones aiise from the axils of the 
uppermost bracts, two still younger ones form those of the 
next pair, and so on foi a variable distance down the axis 

The ultimate cymes of a polychasium often assume this foim 
{fig 232) 

Fig 241 Fio 242 



Fig 241 Mixed panicle of tlie Privet {lAgmirum rulgarf) a' Primary 
axis a", a" Secondary axes a'", a'" Tertiary axes c, c The central 
flowers of the respective clusters, wlilch are seen to he in a more expanded 

state than those surrounding or belou them Fig 242 Thyrsus of 

Vine 


b The Mixed Pamcle — This is a compound inflorescence in 
which the mam axis is racemose and the secondary ones are 
irregular A great many cases occur in which a repeatedly 
branching inflorescence of the panicle type changes its mode of 
forming branches m its latter lamiflcations. In the pamcle 
of the Piivet {fig 241) we have the two methods illustrated 
The mam axis is racemose m its general arrangement, but it 
bears a terminal flower , the secondary and later axes are re- 
versed racemes. 

c. The Thyrsus — This is somewhat more regular than the 
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mixed panicle, which it resembles in having the mam axis 
racemose The secondary and later ones are cymose, and the 
successive branches are so disposed that the cluster is narrower 
at the apex and base than it is in the centre, ha\ mg thus almost 
the shape of a double cone Examples are seen nj the mtlo- 
rescence of the Lilac and the Horse-chestnut. An ahnost com- 
pound thyrsus is seen m the Vine {Jig 242). 

Light IS often thrown upon the construction of the forms of the 
inflorescence by the study of the phyllotaxis of the plant The 
racemose types are found associated with both verticillate and 
alternate leaves, but the generally marked acropetal development 
makes their interpretation easy Moie difficulty is found in analys- 
ing some of the cymose forms The dichasium most frequently 
occurs together with verticillate, and particularly with opposite 
decussate leaves A polychasium may result from the suppression 
of alternate internodes, the result being that, instead of two, four 
axes of the dichasium arise together, the two younger being^at right 
angles to the two older In the Elder (Samhucufi) there are 
apparently flve such axes, spiinging from the same point, thus 
simulating an umbel The five axes consist of the pnmaiy one and 
two successive pairs, which are severally somewhat distorted in 
growth, ekch axis beais se\eral subordinate ones, which may be 
similarly arranged, and each ultimately bears several flowers 

In some helicoid cymes, the flowers, which are seated on the 
convex side of the cuived sympodium, aiise m two lanks instead of 
one This has been explained as a unilateral raceme, but there 
appears to be little doubt that its tiue nature is cymose The 
appearance of two lanks of flowers is explained by Eichler on the 
giound of antidromy The phyllotaxis in such cases is spiral, and 
the genetic spiral, instead of passing legulaily from right to left 
lound the axis, becomes leversed in the successive parts of the 
sympodium, travelling in the first from light to left, in the second 
from left to right, and then again leversmg its direction Examples 
are seen in many of the Boiaginacece 

It IS held by some botanists that in a few of the plants of the 
last-named Natuial Order, where the inflorescence is apparently a 
hehcoid cyme oi a unilateral raceme, the branching of the successive 
axes IS not lateral but dichotomous, the growing point of each axis 
after the first dividing into two equal parts , one of the resulting 
branches speedily terminates m a flower, while the other again 
dichotomises 

8. THE FLOl^ER. 

The term flower may be appBed to any shoot which is spe- 
cially modihed in connectiqg^th spore-produc^on. The term 



MOBPHOLOCxY OF REPBOBFCTIVE ORGANS 127 


lb usually, but erroneously, restiicted to the Phanerogams, 
m which this modification results in a structure generally of 
peculiar form and often of great beaut> and fragrance Flowers, 
however, of a lowei typo of complexitN than these can be 
recognised in the Pterido-phyta The common Horsetail 
{Eqm^eHiw) has its sporangia arranged upon a niimbei of pel- 
tate sporoph;ylls which are aggregated m the form of a cone at 
the apex of certain shoots {fiq 243) These constitute a flower 
which lesembles the cones or flowers often found in the group 
of Phanerogams known as Gymnosperms {fiq 244) Similar 
arrangements are found among the Lqropodnice, or Club-mosses 
In the so-called flowering plants the flowers aie the ultimate 


branches or shoots of the infloi 
escence They consist usually 
of an axis beaiing leaves, of 
which some are 8porQ2>hylls and 
bear the sporangia, others are 
perianth leaves and have only 
a function subordinate to the 
former. The apex of the axis 
itself sometimes constitutes the 
flowei, as in the Yew tree, where 
particulai branches bear at their 
apex a teimmal megasporangium 
or ovule, which is not protected 
by any foliar structuies In a 
few cases some of the sporangia 
are borne by the axis, and others 
by the sporophylls, as m the 
Polyxjfonacece, the Dock family 
The axis here terminates in a 


Fio 243 



F o 214 



Fig 243 Cone of 
Horsetail ( Equlie- 

turn) Fig 244 

Cone of Hemlock 
Spruce (Pinus 
canademis) 


megasporangium much as m the Yew, but this is covered m by 
a foliar outgrowth called the ovary Lower down on the axis 


are certain sporophylls, the stamens, which bear the micro- 


sporangia, while below these again are certain perianth leaves. 

The phyllotaxis of the flowei, hke that of the vegetative shoot, 
may be either alternate or whorled In the former case the 
leaves describe a spiral round the axis , m the latter they form 
generally four definite whorls or series. Instances of the former 
may be seen m the flowers of Ptnua and other Conifers, and 
among the higher plants m the Water-lily. 

Spiral phyllotaxis is most usual in the Gymnosperms, and 
whorled m the Angiosperms. 
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In one of the most highly organised of the flowers of the latter 
group we can recognise four whorls of leaves arranged upon an 
axis or thalamus Usually the thalamus is terminated by the 
ultimate whorl of leaves, but in some cases it grows out beyond 
it, and may then bear a number of ordinal \ foliage leaves 
This IS, howevei, regaided as altogether abnormal, and onh 
occuis in consequence of some disturbance of nutrition The 
internodes of the axis between the whorls of leases aie usually 
but little de\ eloped, so that the latter are very closely pressed 
together 

The lower two whorls of leaves constitute the peiianth, and 
do not bear sporangia The other two are ^porophylls, and bear 
microsporangia and megasporangia respectively. 

The most external of the perianth whorls is known as the 
calyxy and its leaves are called sejyaU They are usually green 
and commonly sessile, they resemble foliage leaves m 
structure and sometimes m appearance , they aie protective m 
function. 

The second whorl is the coiolla^ and its leaves are petals 
They are generally brightly coloured and delicate m texture. 
In many cases they are stalked, when the stalk is teimed the 
claw^ and the blade the hmh 

In some flowers the calyx and corolla aie very similar in 
appearance, being either gieen or sepaloid, or coloured or 
petaloid In a few oases they stand so closely together that it 
IS difficult to see that there are two whorls present. In such 
cases it IS usual in describing the flower not to speak of calyx 
and corolla, but to make use of the term perianth without 
distinguishing its constituent whorls 

The third whorl is made up of the first set of sporophylls, 
and bears the microsporangia This whorl is generally called 
the and/roecium^ and its separate parts are stamens. These 
leaves are much modified m form, consisting of an upper 
swollen portion, the anther ^ supported upon a somewhat slender 
stalk or filament The anther is sometimes sessile, the filament 
not being developed. Each anther usually contains either two 
or four pollen-sacs^ or microsporangia, m which are developed 
the microspores or pollen-grams 

The final whorl, which usually terminates the axis, is known 
as the pistil or qyncecium. The sporophylls of which it is 
composed are called carpels, and may be distinct from each other 
or umted m various ways to form a solid body. The Butter- 
cup and the Poppy are mstances of these cases respectively. 
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Each carpel, or the body formed by their union, consists of a 
hollow inferior part, the ovaty^ and a terminal sticky portion, the 
shgma The stigma is sometimes sessile on the ovary, but is 
generally separated from it by a slender stalk-like portion, the 
style. The megasporangia oi ovules are developed m the in- 
terior of the ovary, generally arising from a fleshy development 
of the edges of the carpel known as the jylaeenta Sometimes 
the placenta is borne upon the axis, and not upon the carpel 
The true nature of the union of the caipels with each other 
will be discussed in a succeeding section 

It IS cubtomaiy to legard the caipels as sporophyJls, even in 
those cases m which the megaspoiangia really spiing from the 
axis, which in these cases protiudes into the cavity ot the o\ary, 
as m the Polygonacece^ alieady mentioned Othei lU'^taiices of 
this aie found in the PrimalacecB, the Primiose family 

Other structures aie occasionally to be met with in certain 
flowers In some of the genera of the Boraqxnacece and the 
Caryophijllatece a stale or ligule is found at the junction of the 
claw and the limb of the petals {figs. SOB and 327) In the 
Daffodil {fig. 328) these scales oi ligules are coherent together 
and foim a tubular structure known as the coioua. Many 
flowers contain certain bodies which exciete a sugary- liquid. 
These are called nectaixts They ha\e no dehnite position like 
the parts already described, but may arise from the meta- 
morphosis of vaiious stiuctures. Certain fohaceous scale-like 
bodies known as staminodes may be found in some flowers. 
They may be of various shapes and sizes. These are always 
foimed by the metamorphosis of a stamen 

Symmetiy of the Floivei. 

The term ‘ symmetry ’ has been variously understood by 
diffeient botanists It was foimerly usual to describe a flowei 
as symmetrical when all the whorls of its members have an 
equal number of parts, or when the parts of one whorl are a 
multiple of those of anothei Such a flower is preferably to 

be described as isomerous In some species of Crassula 

{fig, 245) we have a flower composed of five sepals, five petals, 
five stamens, and five carpels, m Seduni {fig 246) we have 
five sepals, five petals, ten stamens in two whorls, and five 
carpels, m the Flax we have five sepals, five petals, five 
stamens, and five carpels, each of which is paitially divided into 
tv o by a spurious dissepiment {fig 421), m Cxrccea {fig, 247) 
voi I ' K 
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we have two members m each whorl , in the Bue {;fig 282) we 
have four or hve sepals, four or five petals, eight or ten stamens, 
and a four- or five-lobed pistil , and in the Ins there are three 
members in each whorl When the number of parts in each 


Fk. 245 



246 Ilowei ol Cta<!Sftla nihni'i 
Stamens, o, o Caipels, at the b 
lig 240 Flowei ot a 


Fig 246 



SepiN p^i> Petals e^e^e 
•t eacli ot whu h is seen a scale, a, a 


whorl 18 not the same, oi when the parts of the largest whorl 
are not a multiple of those of the smallest, the flower is lietero- 
merom^ as in Verhena^ where the perianth has five parts in 
each whorl, and the sporophylls only four 


Fig 247 


Fig 248 



Fig 247 Diagram of the flo^\ or of Cm ccea Fig 248 Diagram of the flower 

of Staphylea pinnata 

In an isomerous flower the number of parts is indicated by 
a Greek numeral prefixed to the termination -merous When 
there are two leaves in each whorl, as m Ciiccea (fig 247), the 
flower IS dimerom, and the symmetry is said to be binary or two- 
fnembered This arrangement is indicated by the symbol ^ When 
there are three parts m a whorl, as in the Lily, the flower is 
trimefous, and the symmetry is ternary, trigonal, or triangular, it 
IS indicated thus, 4 ^, When there are four parts in a whorl, as 
frequently in the Rue (fig 282), the flower is tetramerous, and the 
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symmetry, which is marked <J/, is quaternmy or tetragonal When 
theie are five parts in a whoil, as in Cfassula rubens {Jig 245), the 
flower IS said to he penta7ne70us,&n(i the symmetiy, which is maiked 
thus, qui'iiay y or pentago7ial 

Of the above aiiangements, the pentameious is most common 
among Dicotyledons, although the tetramerous is by no means raie , 
while the trimerous is geneially found in Monocotyledons 

Although a symmetiical flower, as above described, neces- 
sarily implies that the parts of any whorl are equal to, oi some 
multiple of those of all the otheis, botanists have generally agreed 
to call a tiowei syimiietiical when the three outer whorls corre- 
spond in such particulars, while the paits of the gyncecium aie 
unequal to them, as in Staphylea jnnnata {Jig 284), where the 
thiee outei wlioils aie pentameious, while the pistil is dimer- 
ous The gyiicccium, of all the organs of the flower, is that which 
least fiequently coriesponds m the niimbei of its parts to the 
other whoils 

By most botanists, howevei, a flowei is said to be symmetri- 
cal when it can be divided by any veitical section into two 
precisely similai hahes, the different hahes pioduced by eveiy 
such section being exactly alike Such flowers as those of the 
Lily, oi Ctaasiiln {Jig 245), are instances of this symmetry A 
flower which is s>mmctiical in this sense is also called achrw- 
moiphio Flowers which can be divided by only one such 
section into two similar halves are called ^ggomotphic Such 
flowers aie found in the Aconite, the Pea, the Dead nettle, &C 
The line through which the section must pass to bring about the 
icsultis called the^i?at?e of sijmmet) y , it maybe antero posterioi, 
asm the flowers mentioned , oi lateial, as m the Fumitory , or 
obliciue, as in some members of the Solatia cece When a 
division into two similar halves is not possible by a section in 
any plane, the flower is said to be asymmetrical 

Various other terms are used m describing flowers, which 
will be best alluded to here. A flowei is said to be complete 
when the four whoils — calyx, coiolla, andrcecium, and gymecium 
— are present, as m the Rue {jig. 282) , when one oi more of 
the whorls is absent, the HoyfQxi^ incomplete {Jigs. 255 and 256). 
When the parts of each whorl are uniform in size and shape, as 
in the Rue, the flower is regular ; under other circumstances it 
IS ir regular, as m the Pea {Jig. 803). 

In a normal arrangement of the parts of the flower, the suc- 
cessive whorls alternate with ^ each other, as shown in Jig, 247 , 

" K 2 
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the sepals are here alternate with the petals, the petals with 
the stamens, and the stamens with the carpels 

We have seen that, when the leaves of the ^ egetative branch 
are aiianged in whorls, these whoils are developed in acropetal 
succession, and the leaves of any whorl arise in such a position 
as to stand o\er the mteivals between the leaies ot the whoil 
below it As the llowci is to be legaided as a iiiodifaed branch 
with verticillate phyllotaxis, its paits should bo aiianged upon 
the same plan as those of the vegetative branches The whorls 
being four, we can devise what may be called a typical flowei, 
based upon this lesemblance Such a tlowei, theiefore, should 
possess a calj^x, coiolla, aiidimcium, and gynajcium, each ol 
which should be so arranged that its paits form but a single 
whorl, the different whoils should consist of an equal numbei 
of meinbeis , the paits of successive whoils should alternate 
with one another , and the members of each should be unifoiiu 
in size and shape, and distinct Iroiii each other and from the 
neighbouring whorls This normal or typical flowei is, however, 
liable to various alterations, aiismg liom several disturbing 
causes, which modify and disguise one or more of its typical 
characters Some of these causes have been already alluded to 
in the description of the diffeient organs ot the flower, but it 
will be necessary for us to investigate them more liilly here, and 
classify them for systematic study 

The more impoitant deviations of the flowei from the typical 
character may be arranged under the following heads — 

1 Irregularity of form m the membeis ot one or more of the 
whorls 

2 Multiplication of parts 

3 Suppression or abortion of a whorl or part of a whorl. 

4. Dispracement, or interference with the regular alternation 
of the whorls 

5 Coalescence of the parts or membeis of a whorl with one 
another 

6. Coalescence of the members of one whorl with those of 
another. 

7. Substitution of spiral for whoiled ph^ Hot axis. 

8. Metamorphosis of parts of the flower, 

' 1. Irregularitij of Form . — This is most commonly seen in 
the perianth whorls. A sepal or a petal may develop a spur or 
prolongation downwards from its base, as in the Larkspur pr the 
Indian Cress {fig 295). If only one such structure is formed 
the flower becomes zygomorphic. A great vaiiety of form of 
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both calyx and corolla is caused by unequal development ot this 
kind, and it will be con\ cnient to lesel^ e a detailed examination 
of the most frequently occmring cases till u e discuss these whorls 
in detail Irregularity of this kind is also fairly common in the 
V horls of the sporophy 11s 

2 Addition oi Mnltijdn otion Paitfi — This mav be con- 
sideied iindei t^o heads 1st The addition of one or more 
entile whoi Is in one or moie of the floral cycles 2nd An in 
Cl ease in the numbei of paits ot one oi moie vhoils The 
formei is commonly CfiWcd augmentation , the lattci, c/i09 isis, 
dedni^hcahon^ oi nnhmnq 

a. Augmentation — The increase in the niimboi of yvhoils 
may occur m one or more of the floral cycles The Rai- 
beiry ( Hg 249) has tyvo yvhoils of sepals, two of petals, and two 
of stamens , m this flowei, theiefore, we have an addition of one 

Fig 249 Fio 250 Fig 251 



Fig 24S Diagiamof the flouer of the Barbem (lieibeJis) Fid 260 

Diagram of the flower of the Poppy C/>o/>avfr) Fuj 251 Diagram of 

the flow'er of Buokthoni {Rhaimuis tnfhatticus) 


yyhoil of members to each of the thiee external floral cycles 
In the Poppy, y\ e hay e a numbei of additional yv’hoils of stamens 
{fig 250) 

The inciease in the numbei of the whoils is most common 
among the stamens Very frequently there is one extra y\'horl 
intercalated heie, so that the stamens aie twice as numeious as 
the sepals oi petals So constant is this occurrence m Mono- 
cotyledons that many botanists regaid two whoils of stamens 
as a normal feature of that group Such flowers are said to be 
diplostemonotiSf in contradistinction from those with one whorl, 
which aie called isoaUmonotts, 

The netv whorl generally falls into symmetrical position with 
the others, being alternate witb^ the outer stamens on the one 
side and the carpels on the otheh Sometimes, as m Geramacece 
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this alternation is not obseived, and of the t’svo ^^holls of sta 
mens the outer is opposite to the petals This condition is 
known as ohdiplostemony In such aflowei thedepartuie from 
typical symmetry, due to multiplication, is complicated by a 
fuither one of displacement 

A curious arrangement of augmented stamens is found m 
the floweis of some Bosacece Theie are m two species of 
Ciatceqns ten stamens arranged m a single whoil , they are 
not exactly opposite the sepals and petals, as they should be, on 
the hypothesis of the addition of a whorl of five to the androe- 
cium, but stand in pairs opposite to the sepals In Ntittalha a 
third whorl of five is added, which are opposite to the petals In 
othei species, additional whoils of fi\e each are present, making 
as many as fifty stamens m some floweis 

b Cliori8%8 or Deduplicafwn — This is geneially looked upon 
bj. botanists as another means of multiplication of the paits of 
a flowei It consists m the division oi splitting of a member 
m the course of its development, so that tvo or more membeis 
are produced m the place of one Chorisis differs fiom augmen- 
tation m the fact that it not only mci eases the number of 
parts, but also mtei feres with then regular alternation , for 
augmentation does not necessaiily mteifeie with alternation, 
though it may obscuie it when the numbei of additional parts is 
excessive, or when the whorls are crowded together 

Chorisis may take place m two wa^>8 either transversely, 
when the increased parts are placed one before the other, which 
IS called vertical^ pa) allel, or fransvei se cho7 isi8 , or collaterally* 
when the increased parts stand side by side, which is teimed 
collateral chorisis 

Ttansvetse choi isi^ is supposed to be of frequent occuiience 
The petals of Lychnis (fig* 327, a) and many other Caiyo 
phyllaceous plants exhibit a little scale on their inner surface at 
the point where the limb of the petal is united to the claw A 
somewhat sunilai scale, although less developed, occurs at the 
base of the petals of some species of Banuncnhis (fig 324) 
The formation of these scales is supposed by many to be due to 
the chorisis or unlming of an inner poition of the petal from 
the outer Each petal of Parnassia (fig 326) has at its base a 
petal-like appendage divided into a number of parts, somewhat 
resembling sterile stamens , this also is considered to be produced 
by transverse chorisis | , 

In plants of the older Bhamnacea (fig, 251), and others, 
the stamens are placed opposite to the petals , hence they have 
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been supposed by many botanists to be produced by chonsis from 
the corolla , but others explain this opposition of parts by sup- 
posing the suppression of an intermediate whorl Transverse 
chonsis IS frequently to be found m the androecium, but it is less 
frequent in the gynaecmm An example of transverse chonsis 
in the gynaecium is furnished, however, by Grass?/ /ft {fig 245), 
where each carpel has at its base on the outside a little greenish 
scale a, a, which is supposed by some to be due to it 

It will be observed that, m the above cases of transverse 
chonsis, the parts which are pioduced do not resemble those 
fiom which they arise, and this appears to be a universal law m 
this form of chonsis 

Collateral Cho'itais — We have a good example of this form 


Fig 252 Fig 253 Fig 254 



Ftg 252 Dmgiam of the flower of the common Wallflower Ftg 263 

Flower of a species of Streptanthus, with the floral envelopes removed, 
show ing a forked stamen in place of the two anterior stamens From 
Grav —Fig 264 Diagram of the flower of the Fumitory 

m the Stock, Wallflower, and othei plants of the older Cruci- 
fierce {fig 252). Within the perianth we find six stamens , of 
these, two form an outer whorl and stand opposite to the lateral 
sepals, while the other four are placed in pairs opposite the 
anterior and posterior sepals, forming an innei whoil, the latter 
has, therefore, foui stamens instead of two, which result from the 
collateral chonsis of those two This view is supported by the 
fact that m the genus Strej>ta7ithus {fig 253), in place of the two 
stamens, as commonly ob8er\ed, we ha^e a single filament 
forked at the top, and each division bearing an anther, 
which would seem to arise from the process of chonsis being 
incompletely earned out. The flowers of the Fumitory are also 
generally considered to afford another example of collateral 
chonsis {fig» 254). In these yfe have two sepals, four petals in 
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two rows, and six stamens, grouped together into two bundles 
or phalanges The cential one of each bundle bears a two lobed 
anther, the lateral ones ha\ e onlj^ half an anthei each This 
has been held to arise from ehorisis of two original stamens It 
18 possible, howe\ei, to regaid each phalanx or bundle of stamens 
as corresponding to a ternate leaf, each lateral lobe of which 
bears two sporangia, while the central one bears four It ma;^ 
be consideied, indeed, that collateial choiisis is illustrated by the 
compound as compared with the simple leaf It is ident that, 
on this hypothesis, collateral chorisis is only a foim of branch- 
ing of the stammal leaf Othei examples of this modification of 
the typical flowei are b;s some considered to be afforded b> the 
flowers of many species of Hypericum ( fiq 265, f, /*), m which 
each bundle of stamens is supposed to arise fiom the repeated 
chorisis of a single stamen Each bundle may, howe\ er, be due 


Fig 255 Fig 256 



Ftg 266 Flower of Goosefoot {CJienopodtum), with onlv one floral envelope 

(monochlamydeous) Fig 256 Flower of the common A<h ( Ft annus), 

in wliich both floral envelope«i are absent (achlamvdcous) 

to its branching rather than to its repeated division The multi- 
plication of the stamens of (Jiatcegtis already described (page 134) 
may be due to this form of chorisis. 

3 Suppression or Abortion — The suppression or abortion 
of parts may eithei extend to entire whorls or be confined to 
one or more parts of a whorl. 

a. Suppression or Abortion of one or rnoie Whorls * — We 
have already stated that a complete flowei is one which con- 
tains calyx, corolla, andrcecium, and gynsecium. When a whorl 
is suppressed, therefore, the flower necessarily becomes incom- 
plete This suppression may take place cither m the floral enve^ 
lopes or in the sporophylls. 

Sometimes one whorl of the floral envelopes is suppressed, as 
in Chenopodium {fig 255), in which case the fioyrer is apetalous 
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or moiiochlaiiiifdeous , sometimes both whorls are suppressed, as 
m the Ash {Jig 256), when the flower is achlamydeoua. 

When fiom such suppression only one peiianth whorl is 
present, it is usual to speak of it as the caljx, though it may be 
petaloid or coloured, as in C alt It a and Anemone Its calycine 
nature in these cases can be deteiimned by a comparatn e exami- 
nation of other closeh i elated floweis, as the Hellebore, uheie 
the tiuo petals have undergone a cuiious change of foim In 
some cases the caljx appeals absent, as in the Valerians and 
most Umbellife) a It is, howevei, only partl}^ lost, being united 
thioughout most of its length with the o^ar>, and only exposing 
a rim at the top of the lattei 


Fig 257 Fk. 258 



Suppression of a whoil of spoiophylls is not uncommon, m 
such a case the flower is said to be impel feet The andrcecium 
or gynaBOium, oi both, may be thus suppressed When the stamens 
are abortive it is pistillate {Jig* 258) , when the pistil is absent 
it IS staminate {Jig 257) 

b Suppiession of one or moic Membcis of a Whorl — This 
IS a veiy common cause of deviation from typical structuie , we 
can here bring forward only a few examples 

This suppression of parts is most frequent m the gyneecium. 
In Rhamnus {Jig 261) we have five sepals, five petals, five 
stamens, and three carpels j here two carpels are suppressed. In 
the Pansy {Jig, 269) we have again a pentamerous flower, so 
far as the calyx, corolla, and andr&cium are concerned, but only 
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three carpels, two carpels being here suppressed , in Leguminous 
plants (fig 260) we have five sepals, five petals, ten stamens, 
and onlj^ one carpel, four of the latter being here suppressed , in 
plants of the order Composites the calyx, corolla, and androecium 
have each commonly five members, but only two carpels are 
present 

In some species of Lnjyafiens (fig 261) ue ha^e fi\e carpels. 


Fio 259 


Fia 260 


Fm 261 



Ftg 26‘i Diagram of the flower of the Heartsease ( FiuZa) Fig 260 Dia- 
gram of a Leguminous flouei Ftg 261 Diagram of the flower of 

Jmpattens pat viflora 


Fig 262 


fiAe stamens, and fi^ e petals, but only three sepals, here two 
sepals are suppressed , in Tropceolnm pentaphyllum (fig 262) 
there are five sepals, and but two petals, three 
of the latter being here abortive In the Labiates 
and Scrophulariacece one of the stamens is 
commonly suppressed, and sometimes three , 
in Lamiumwe have five parts to both calyx 
and corolla, but only four stamens, and in 
Salvia we have also five parts to both calyx and 
corolla, but only two stamens 

Besides these examples of the suppres- 
sion of parts, there is another kind of suppres- 
sion, to which the term abortion more properly 
applies This consists in the degeneration or 
^^he^flower^TVo- transformation of the parts of a flower 
Scrophularia the fifth stamen is reduced 
to a scale, in the Umbelliferes the limb of 
the calyx is commonly abjoHive, while m the Composites it is 
either abortive (fijg, 291), or hiembranous (fig* 292), or reduced 
to the form of a number of hair-hke growths known as a 
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Stamens which have undergone such degeneration are known 
as stavnnodes The anther is usually replaced by a soinei\hat 
foliaceous expansion which has no pollen-sacs 

In some cases such degeneration is accompanied by an 
increase m the number of the members of othei whorls In 
cultivated semi double flowers we fiequently find both stamens 
and caipels partially replaced by petals, and the numbei of the 
latter considerably increased 

4 D isjjJ a cement —Thm results m the superposition of ap- 
parently successive whorls which m the typical flowei aie 
alternate with each other In some cases it is only apparent, 
and IS due to multiplication of the whorls, as m the Barberry 
already described The result of the multiplication m the latter 
IS that each petal has a stamen before and a sepal behind it 
if 9 249) 

In the Lily-of- the- valley theie is a si \ parted perianth, each 
lobe of which has a stamen m fiont of it This is not due, 
however, to displacement The perianth is the repiesentatue 
of t^\o ^\holls of lea^es which alternate with each othei, and 
there aie two whorls of stamens within the perianth, also 
regulaily alternating The flower being ^er> small, the bases 
of all these lea^es are ciowded closely togethei, the two whorls 
of the perianth become completely fused into one, and the true 
i elation of the parts can be detected only by careful examination 
and compaiison with the flowers of other members of the same 
natural older 

In many cases, howe\er, paiticularly m the corolla and 
androecium, the members of two succeeding whoils are super 
posed Allusion has been made to such displacement in the 
case of the stamens of obdiplostemonous flowei s, the outei whorl 
of which IS superposed upon the petals, while the innei one 
stands opposite to the sepals In seveial natural orders — Plum- 
haginacecBf Primulacoce^ and Rhamnacece^ for example - the 
stamens, which aie isostemonous, stand each m front of a petal 
{figs 251 and 263) 

The anteposition is generally explained by the suppression 
of an external whoil of stamens between those remaining and 
the petals Traces of these missing stamens are seen m some 
flowers , for instance, in some Pmmulacece there is found in this 
position m the flower a whorl of staminodes 

5 Cohesion of PartSi O'! the Coalescence of the Memhera of 
the some Whorl. — We have seen that m the typical flower the 
members of each whorl of floral leaves are distinct from each 
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othei This is, how ever, very frequently not the case , the 
calyx, instead of being evidentlj^ formed of a numbei of sepals, 
appears like a moie or less cnp-shaped bodj’ with a number of 
teeth The cup ma^s be cleft nearh to the base, or the teeth 
ma> be \eiy small and almost inconspicuous The corolla, 
again, may be eMdenth detachable as a single stiuctuie The 
teeth may be legulai or inegulai in size and shape, giving use 
to man> forms which will be described in detail latei The 
staminal whorl is less fiequently affected by this coalescence, 
but it IS extremely common in the pistil 

When a perianth whorl is made up of sepaiate leaves it is 
said to be or eleuthn osej^oloii eleuthe^ oj^etalous, 

&c When the leaves are not fiee fiom each othei, it is called 
gamo-sejmlotis 01 -petalous When the stamens are united thus 


Fig ‘20 b 


Fig ‘264 Fig 205 



Fig 26^ Diagram ot tho flower ol i ^pec of Plumbago Ftg 264 

Monadelphous stamens of Malva Fig 265 Tnadelphous stamens of a 

bpecies of »mm a Pistil / United filaments / Antheis 


by then filaments, they are said to be monad el ph on ft y as in the 
Mallow {Jig. 26^) Sometimes the apparent union does not in- 
clude all the stamens, but these aie gathered together into tw^o 
01 more bundles oi phalanges, as in Hypericum {Jig, 265) 

A pistil whose carpels are distinct is said to be a2JocarpouSj 
as m the Buttercup and Pheasant’s-eye , one m which they are 
united IS called syncarpous, as in the Lily. The union may be 
confined to the ovaiy, or may extend to the style and stigma 
Sometmies the coalescence of the members of the whoil 
involves also those of th«i next whorl above it. In the 
Lily*of-the-\ alley both periuntj^whorls, which were originally 
alternate with each other, have^^ coalesced mto a six-toothed 
bell, appeanng like a gamopeta^s corolla. These are said to 
be g(imophyllou8. m 
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In Rosa, Poteniilla, and d few other plants of the same 
family, the cohesion of the sepals is still nioie complicated by 
the fact that each sepal is stipulate, and the stipules also aie 
coalesced into what lesembles a whorl of bracts below the calyx 
{Jig 267) This is known as an epitahjji , it must not be con- 
fused with the cpicalyx ot the Mallow, which has a ditierent 
origin, as already desciibed 

Though the term cohesion has been used to describe this 
coalescence, it must not be supposed that paits oiiginally fice 
have become united The young leaves oiiginatc on the thala- 


Fio 200 



Fig 2bb Apocarpouia pistil ot the Phea'-aiit eje ( ‘1(2 oh7>) Ivj 267 

Flo^^cr of fctiawberrj, with stipiilar epicdlyx i i<j 26H a Diagram ot 

three c irpelb, platetl imle by side, but uot united b A transverse section 

of the oval I es of the same hg 269 a Diagiam of thiee oarpcla uiutetl 

their ovaries, the styles and stigmas being free 6 A tiansvei se section 
ot the ovaries of the same 


mus as separate outgiowths, but the apical growth soon stops, 
and basal growth leads to the outgrowth of the whole annular 
zone of the young receptacle on which the leaves have appealed. 
This zone is really composed of the bases of the separate 
leaves, which are developed thus together, much as are the 
wings of the separate branches of the epipodmm of a pmnatifid 
leaf. 

A few cases of true cohesion of parts originally free are 
met with. In Ascle'pias the sti^as cohere together and to 
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the anthers of the flower. In a species of Lonioet a the ovaries 
of two opposite flowers of an inflorescence unite to form a 
connate fruit 

Where the stamens of a flower are gatheied into several 
bundles, as m Hypericitni, the condition is probably due to the 
branching of a corresponding number of original piotuberances 
Other cases of cohesion will be leferred to later 
6 Adhesion of Parts, ot Coalescence of the Memheis of one 
Whorl with those of another — This again is a very common 
disturbance Normally, the several whorls are placed upon the 
thalamus m such a way that their aciopetal older of succes- 
sion can be recognised The ovary stands at the apex of the 
thalamus, and is said to be siipetior The calyx is as evidently 
the lowest whorl, and is termed infenor The corolla and 
stamens spiingmg fiom below the ovar> aie said to be hypo- 
yynoas {fig 270) 

Fig 270 Fk, 271 Fig 272 



Ft(f 370 Hypogynoiis stamens of Buttercup Fi<j 271 Pengynous 

stamens of (Jherry ti<j 272 Pengynous flower ot Strawberry 


Often, howevci, the base of the calyx hceins to be spread 
out into a sort of cup, and the petals and stamens appear to 
spiing from it at a little distance from the thalamus The 
corolla and stamens are then said to be pey igynous {figs 271 
and 272) The cup bearing the staiueiis and petals may grow 
completely over and become fused with the wall of the ovary , 
the latter is then said to be inferior, and the coiolla and stamens 
are epigynoiis {fig 273) Though such a pistil appears to bear 
the other whoils upon its apex, this is not really the case , it is 
always the terminal whorl 

The cup appears to be the dilated base of the calyx, but this 
appearance is misleading It i^ieally the thalamus which has 
become concave, and the fused calyicdeaves grow from it as do 
the petals and stamens. ; ^ 
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The true interpretation of the structure ot the interior ovary 
depends upon a proper appreciation of the change in form of the 
thalamus In some cases it arises from the early suppiession 
of the apical growth of the latter and the continuation of the 
development of its peripheral tissue, which thus rises as an 
annular /one or cup On the margin of this cup are developed 
successively the perianth and stamens The carpels aie de- 
veloped at the true ape'c of the thalamus, and therefore at the 
bottom of the cup, and then walls are fused with the mterioi of 
the receptacular cup as development continues The outei wall 
of the ovaiy is so foinied of the hollowed out thalamus oi 
receptacle This view of its origin is supported by the fact that 
m some cases the ovary of the Gooseberry is found to have 


Fig 273 


Fig 274 



hg 273 Epijfyuous flower of M\i tie tig 274 Epipetalous 

stamens of Piimrose 


one or two small foliage leaves springing from it, indicating the 
axial natiiie of the outer wall 

In other cases the apex of the thalamus does not cease 
growing, but takes part in the conca\e growth The carpels 
consequently arise at the top of the cup, closing it in and 
growing downwards into its cavity 

Adhesion between the stamens and petals is very common 
It IS generally associated with cohesion in the corolla, and is 
accounted for by the outgrowth from the receptacle of an 
annular zone from which spring both petals and stamens. These 
arise from it by apical growth at first, but this is soon replaced 
by basal as before described, and the whole of the bases of the 
two whorls are so developed as a single band of tissue. The 
origm IS thus comparable to the fusion of all the perianth leaves 
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in the Lily-of-the-valley already described Such an arran 
ment of stamens is called eptpetalous {fig 274) 

7. Spital Pliy Hot axis . — In the Gymnosperms both stamin 
and pistillate tloweis have frequently t 
form of phyllotaxis Good instances i 
afforded by the so called cones of mo 
genera, winch were formerly legarded 
mfloiescences These structuios constit 
the pistillate flowers of such forms 
Pinits^ Ahies^ &c. {fig 275) Eachconsi 
of a woody axis on which the sporophylls, 
ciii tinged m a close spiral Each sporoph 
hiq 275 Cone of Hem IS at fiist succuleiit, but ultimately becon 
liaid and woody It beais on its up; 
surface a large scale like outgiowth 
placenta, and at the base of the lattei theie are two ovu 
Similar tones occur among the Cycads, some of which hi 
both nucrosporophylls and megaspoiophylls so arianged Spi 
phyllotaxis also occurs m the Angiosperms in certain famii 
where the noinial phyllotaxis of the flower is whoiled, thougl 



Fio 276 



tig 276 riowei of the White Water bly ( Ay alba) reduced m si7e. 
After Jussieu c,c,c,c The sepals PiPtPtP Petals c Stamens The 
parts on the light show tlie giadual transition from the sepals, c, to the 
petals, and fiom these organs to the stamens, e The stamens from 
1 to 6 are gradually more <listinctive 


IS less common than the other cases of interference with typ: 
symmetry There are two degrees m which it exists a \ 
whole of the floral leaves^ may be ai ranged spirally, as m 
Water-lily {Nymphcea) {fig. 276). Here the members of 
separate whorls show gradual transition from one form to 
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next The outer leaves are green and sepaloid, as we pass 
inwards their green hue is gradually leplaced by white, till they 
aie evident petals, thcie is a similai tiansition fioin petals to 
stamens, the lea\es becoming narrowei and indications of 
anthers appearing at then summits, till the definite staminal 
form IS reached Such flowers are known as acychc b. The 
perianth maybe m whorls and the spoiophylls arranged spiially 
This IS the case m some of the Butteicups, where there are two 
senes of spnals, the andioecium and gyntecium The\ do not 
show a transition to each other as in the former ease Such 
a flower is teimed lirmicychc Sometimes the whoils of the 
perianth are not tine ones, but lesult fiom a condensed spiral 
This may be seen m such coiollas as have a qmncuncial ipstiva 
tion (see page 205) 

8 Metamo'ijilio^n of Pa) of the Floinn — A modification 
of the structure of the flawei, which is 
not uncommon, is seen in cases wheie 
one leaf oi moie of eithei of the whoils 
have assumed an abnoimal appeaiance 
or stiuctuie In the Aconite the petals 
aie developed as tw^o long slendci 
bodies With a dilated head, which stand 
together undei the arched upper sepal 
{fig 277) In the Helleboie all the 
petals are represented by small tubulai 
bodies which are nectaiies. In some 
floweis again, paiticularly m cultivated 
forms, we meet with cases where leaves 
of the andioecium are developed as petals 
This IS most generally found in flowers 
which have typically many stamens, e g, 

Roses, Buttercups, &c We have as a 
result so called double flo^veis. Occa 
sionalty such a metamoiphosis occuis m 
wild flow ers. 

Other forms of interference with aoimal symmetry are due 
to modification of the floral axis oi thalamus These will be 
discussed latei Sometimes a flower which is normally zygo- 
morphic, from a single petal being spurred, becomes regular 
by developmg spurs to all its petals Such a flower is called 
Xtelorxc 


Fig 277 



F^g 277 A portion of the 
flowei of the Monkshood 
with nu* 
merons stamens below, 
and two stalked some 
what horn-shaped petals 
above 
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The Parts of the Flower 

We must now examine the structure of the flowei m greater 
detail, dealing with the axis and its modifications, and with the 
peculiarities of the separate floral whorls 

(1) THE THALAMUS 

The part of the flower-stalk or axis which is abo\ e the inser- 
tion of the leaves of the calyx, and so is within the flower, has 
been variously distinguished by botanists as the thalamus^ re- 
ceptacle^ and torus 

In the majority of plants it consists of three undeveloped 
mtemodes, and accordingly presents no remarkable feature, 
but in others it becomes much enlarged, and then assumes a 
variety of appearances, and modifies to a considerable extent 
the form of the floi^er In the species of Maqnolia^ Linoden- 
clron^ and plants of the order Maqnohacece generally, the thala- 
mus is cylindrical {fiq 407, a) , m plants also of the older 
Anonacece it usually acquires a somewhat similai form , in the 
Raspberry {fiq 409, 1) and species of Baniinc^iIuH {fiq 270) it 
IS conical, m the Strawbeiry {fiq 272) hemispheiical , m 
Neliimhtum (fig 278, thal) it is a laige tabular expansion in 
which there are a number of cavities containing the separate 
carpels In the Rose it forms a deep cup, upon the sides of which 
the caipels are placed ( fiq 285, ^, ?) 

In the Piimulacece, Sautalacece^ and m all cases where the 
ovules are not developed upon the carpellaiy leaves, the thala- 
mus becomes prolonged into the cavity of the oxary and bears 
the placenta {fiq 438) At other times the thalamus becomes 
prolonged beyond the ovary, as m the Geiamacece and Tim- 
helhferccj this pi elongation is termed a caipoptliore In the 
species of Geranium ( fiq 443, c), this carpophore forms a 
long beak-like process, to which the carpels, cat , are attached, 
and from which they separate when the fiuit is ripe In 
many cultivated flowers, as m the Rose, the thalamus some- 
times acquires a monstrous dexelopment, and becomes extended 
beyond the flowei into a branch bearing foliage leaves {fig 279) 
To this prolongation of the axis beyond the flower the term 
median prohfication is usually applied 

In some plants the last internode of the thalamus becomes 
elongated and forms a stalk to the ovary, to which the term 
gynophore has been applied ; sometimes the mternode between 
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the perianth and the sporophylls elongates Examples may be 
seen in some of the Cappartdacece {fig 280 thal ) , m the 
Pink {fig 405, g)^ Dicfammts {fig 427, g), and XanthoxijJon 
ifig- 411, g) 

Sometimes the thalamus presents certain modifications of 


Fig 278 


Fig 279 



Fiq 278 thal Thalamus of iVeZumfriww cat o Carpels Fig 279 Mon- 

strous development of the flower of the Hose, showing the axis prolonged 

beyond the flower and bearing foliage leaves Fig 280 Flower of a 

species of OgnandropsU, belonging to Capparidaceee cal Calyx cor 
Corolla thal Prolonged thalamus or gynophore, supporting the stamens, 
St, and o\ ary, ov 


form which are seen between the floral whorls They are due 
to changes m particular internodes, and generally occur above 
the perianth leaves Any such modification of the thalamus is 
known as the d^8C, Under this term we include all bodies, of 
whatever form, except sporophylls, which are situated on the 
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thalamus between the calyx and gynaecmm, or which are upon 
or in connection with either of these organs, but which cannot 
be properly referred to them 

The disc is developed in a \aiiety of forms, in the 
Orange and Rue {fiq 282) it foims a fleshy img surrounding 


Fio 281 


Fig 282 



Fig 281 Flower of the Fennel ( toeniculuni capiUaceum) The ovary la anr- 

mounted by a disc, d Fig 282 Flower of the Bue {Ruta graveoJens) 

The pistil is surrounded by a disc m the form of a fleshy hypogynous nng, 
on the outside of which the stamens are Inserted 


the base of the pistil , in the Tree Peeony {fig 283) it occurs as 
a dark red cup-shaped expansion coveiing nearly the whole of 
the pistil except the stigmas, m the Cherry (/?y. 271) it forms a 


Flu 283 Fig 284 



Fig 283 Pistil of the Tree Vseony (Pceoma Moutan or Moutan officlnal%s^ 

Invested by a large cup-shaped expansion or disc Fig 284 Pistil of 

Stoneorop (Sedum), consisting of five distinct carpels, on the outside of 
each of which at the base a small scaly body may be noticed The pistil 
is compound and apocarpous 


sort of waxy hmng to the receptacular tube. In other cases the 
disc IS represented by little separate glandular bodies, as m some 
Cruciferous plants ; or by scales, as m the Stonecrop (fig» 284) 
and Vine {fig 844) ; or by various petaloid expansions, as m the 
Columbme. 
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A peculiai swelling upon the summit of the mfeiior ovaries 
of the flower of the Natural Oidei Umhelhferce is also gene- 
rally lefeired to as a variety of the disc, though it is above 
instead of below the gyncpciuiii It foims a conical swelling 
which surrounds and adheies to the bases of the two divari- 
cating styles On this account it is sometimes called a stylo- 
podium 

The disc is teimed Itypogynons^ pcnyiptous^ oi epigynous^ 
accoiding to its position wjth leference to the ovaiy 


(2) THE WHORLS 01 PERIANTH LEAVES 
a The CaJyr 

The cal;yx is the outeiiuost envelope of the flower, and is 
composed of two oi more leafy membeis called sepals These 
sepals are usuallv green like the foliage leaves, by which cha- 
ractei tljey may, m most cases, be distinguished from the petals, 
as well as by the position and moie delicate texture of the latter 
Theie aie numeious instances, howevei, cspeciall,\ when the 
numbei of petals is much inci cased, in which there is a giadual 
transition fioiii the sepals to the petals, so that it is difficult or 
almost impossible to sa;>, in many cases wheie the calyx ends 
and the coiolla begins The White Water-lil,> {fig 276) affords 
a familial and good illustiation of this In some plants, again, 
the gieen coloui disappears, and the calyx becomes coloured 
with the same tints as the coiolla, oi with some other bright 
hues In such cases it is said to be petalotd, and the chief 
distinctive charactei between it and the corolla is then afforded 
by its position on the outside of the lattei organ The Fuchsia, 
Indian Cress, Columbine, Laikspur, and Monkshood may be 
mentioned as affording familiar examples of a petaloid calyx 
amongst Dicotyledons. In Monocot>ledons generally, as m the 
Lily, Ins, Tulip, Crocus, and Squill, the two floral envelopes, 
although sometimes green, are usually coloured and resemble 
each other so closely m other respects that the collective name 
of perianth is u*sed to indicate the two whorls taken together. 
When theie is but one whorl of floral envelopes, as m the Goose- 
foot (fig 255), it 18 customary to call this the calyx, whether it 
18 coloured oi green. 

In their structure, venation, and characters generally, the sepals 
lesemble the foliage leaves 1!^ey exhibit various characters as 
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regards their figure, margins, apex, &c , although they are by no 
means liable to such numerous variations in these particulars as are 
the blades of foliage leaves The terms used in defining these 
modifications aie the same as those applied to the blades of leaves 

Sepals are almost without exception destitute of a stalk, or, in 
other words, they are sessile upon the thalamus They are also 
generally entire at their margins, although exceptions to this lattei 
character occasionally occiu m the Paeony and Bose (Jigs 285, 
c/, and 302, cf) the sepals are incised , in many species of Dock 
they are toothed , in Chamcelaucium phimosimi each sepal is 
divided into five deep lobes or partitions , and in Passifloia fcetida 
the sepals are pinnatisected, and each segment is pmnatifid 

The sepals may be eithei distinct from each other, as in the 
Poppy, Buttercup, Wallflower, and Stiawberry (fig 267) , or 
moie or less united into one body, asm the Pimpernel (fig 287), 


Fig 285 Fig 28b 



Ftg 286 Vertical section of the flower of the Kose r, » Concave thalamus, 
upon which are placed several carpels, o, c, each of which is furnished with 

a style and stigma, « e, e Stamens Fig 286 Flower of Monkshood 

(Acomtum Napellus')^ with an irregular polysepalous calyx The upper 
sepal is hooded or helmet-shaped 

Campion, and Henbane (fig 288). In the former case the 
calyx 18 usually termed or dtalysepalous , in the 

latter it is commonly called gamosepalous, 

1 Polysepalous or Dialysepalous Calyx — A polysepalous calyx 
may consist of two or more parts , the number is then indicated by 
a prefix of Greek numerals , it is dtsepalous when it is composed of 
two distinct sepals, trisepalous when it has three, and so on 

A polysepalous calyx is called regular if it consists of sepals of 
equal size and similar form, and is arranged m a symmetrical 
manner, as in the species of Ranunculus (fig 227) , and it is said 
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to be irregular when the sepals vary in these particulars, as m the 
Monkshood (fig 286) 

2 GAM 0 SEa?AL 0 us Calyx —When the sepal are united so as to 
form a gamosepalous calyx, various teims are used to indicate the 
different degrees of fusion The union may involve only the base 


biQ 287 Fi(. 288 Fig 289 



F%q 287 Partite inferior calyx of thePimpeind {Anagallts) — Fig 288 

Urceolate calyx of the Henbane {Jhmcyamus) Ftg 289 Bilabiate 

calyx of the Dead nettle {Lamtum) 


Fig 290 


of the leaves, as in the Pimpernel {Hg 287), when the calyx is said 
to be partite^ or it may extend to about the middle, as in the 
Centaury, when it is cleft oi fisbured , oi the sepals may be united 
almost to the top, as in the Campion, when it is toothed , oi the 
union may be quite complete, when it is entite The numbei of 
partitions, fissures, oi teeth is indicated by the same prefixes as 
those previously referred to 
as used in describing the 
divisions m the lamina of a 
leaf, and in the majoiity of 
cases it corresponds to that 
of the component sepals of 
which the calyx is formed , 
although exceptions to this 
rule sometimes occur, as for 
instance in those cases where 
the divisions are themselves 
divided into others A little 
care m the examination will, 
however, generally enable the 
observer to distinguish the 
primary from the secondary 
divisions. When a gamosepalous calyx is entire, the number of 
sepals can then be ascertained by the venation, as the principal vems 
from which the otheis diveige geneially coiiespond to the midribs of 
the component sepals In a gan^epalous calyx iij which the union 



Fig 290 Vertical section of the flower of the 
Myrtle (Jl^yrtus communis) cal Tube of the 
calyx adherent to the ovary, o s Stamens. 
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exists m a marked degiee, thepait wheie the sepals are united is 
called the tube, the fiee poition the limb, and the oiihce of the tube 
the til) oat oi fauju (tigs 288 and 289). 

If the union between the sepals is unequal, oi the parts aie of 
different si/es, oi of iireguldi hguies oi foims, the calyx is said to 
be trregulat {Jig 289) , it, on the contrary, the parts aic alike in 
hguie and form, of the same size, and united so as to foim a sym- 
metiical body, it is regular (fig 288) Some vaiieties of the iiregulai 
and also of the legulai calyx have leceived special names In 
the Dead nettle (Jig 289), the irregulai calyx is said to be labiate, 


Fig 291 Fig 292 Fig 293 Fig 294 



Fig 291 One of the tubular florets of the 0\ eve iChnj^anlheinum) Ihc 
calyx itj completely united to the ovary and pieseiits uo appearcuce of a 

limb / tg 292 One of the tubular floi ets of the Sunflower (^lfeltan(hus') 

The limb of tlie adherent calyx is membranous Ftg 293 Fruit of the 

Valerian surmounted by a feathery sessile pappus Fig 294 Flint of 

Scabious surmounted b> a stalked pilose pappus 


bilabiate, or Upped, because the five sepals of which it is composed 
aie united in such a manner as to foim two lips Of the regular 
foims of the gamosepalous calyx a numbei are distinguished under 
the names of tubular, bell-shaped or campanulate, urceolate (fig 
288), conical, globose, &c The application of these terms will be 
further shown when speaking of the coiolla, m which similai forms 
occur, and in which they are usually more evident 

The tube of a gamosepalous calyx, or of that of a perianth (the 
parts of which, like the sepals, aie fiequently united to a varying 
extent), sometimes adheies more or less to the ovary, as in the Ins, 
^Jyltle (fig 290, cal), in all the plants of the order Compositce and 
m those allied to it (figs, 291 and 292), and in numerous other 
plants. When this takes place, the calyx is said to be adtieient, oi, 
because it appears to rise fiom the summit of the ovaiy, superior , 
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the ovary m such a case is then described as tnfenor When the 
calyx as free, oi quite distinct fiom the walls of the ovaiy, as in the 
Pimpernel {Jig 287), Wallflower, and Poppy, or from the free carpels, 
as in the Butteicup, it is said to be fiee, non-adheteiit, or tnjerior , 
and the pistil is then termed supeiiot 

When the calyx oi peiianth is adherent to the ovary, its limb 
piesents vaiious modifacations in the liis. Crocus, and Oichids, it 
IS petaloid , in the Quince, fohaccous (Juj 299) , in the Sunflowei 
(pg 292) and Chamomile it is memb't aiwus ^ in the Maddei it 
exists only in the form of a circulai rim , while in the Ox eye it is 
altogethei absent {fig 291) In the two latter cases the calyx is 
commonly described as obsolete In many plants ot the older 
ComposiUc and the allied oiders Dtpsaceie and Valertaimcecc, the 
limb ot the calyx is only developed in the foim of a cncle oi tuft ot 
bustles, hails, oi featheiy piocesses, to which the name of poppus 
is given, and the calyx undei such ciicumstances is said to be 
pappobe The pappus is fuithei descubed as Jcathoy oi plumose, 
and simple oi pilose, it is featheiy, as m the Valeiian {Jig 293), 


rig 296 Flo^ver of 
the Indian Cress 
iliopceolum) c 
Spurred cal> x 

/ ig 29b Calyx 
of JJibiscui, bur 
rounded by an 
cpicalyx or in- 
voluoic 


•Fig 295 Fio 296 



when each of its divisions is co\eied on the sides by little hair- 
likc projections arranged like the barbs of a feather , and pilose 
when the divisions have no maiked projections from their sides, 
as m the Dandelion and Scabious {fig 294) The pappus is also 
described as sessile when it arises immediately from the tube of the 
adheient calyx, and thus apparently from the top of the ovary oi 
fiuit, as in the Valerian {fig 293), and stalked oi stipitate, if it is 
laised above the ovary or fruit, on a stalk, as in the Dandelion and 
Scabious {fig 294) 

Modiucations and ApPbNDAGi<b Oi THL Calyx —The calyx, 
whethei gamosepalous or polysepalous, is subject to vaiious other 
megularities besides those already alluded to, which arise from 
the expansion oi grou ing outwajfds of one oi more of the sepals 
or the tube into appendages or processes of different kinds. 
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In the Monkshood {fig 286) the superior sepal is prolonged 
upwards into a sort of hood oi helmet-shaped process, and is said 
consequently to be hooded^ helmet-shaped^ or galeate In the 
Walldowei, and other plants of the Crucifercey the two lateial 
sepals are expanded on one side at the base into little sacs or 
pouches, and are termed gibbous oi saccate If the calyx has 
one 01 more tubular prolongations downwards, it is said to be 
spurred. Only one spin may be present, as in the Indian Cress 
( fig 295, c), where the spur is formed by thiee sepals , or in the 
Larkspur, wheic it is formed by one , oi each of the sepals may 
be spurred In Pelargonium the spin, instead of being free 
from the pedicel as m the above instances, is adherent to it 
On the outside of the calyx of some floweis, as in those of 


Fig 297 


Fig 298 


Fig 299 



Ftg 297 Flower of the Poppy, showmgu caducous calyx Fig 298 Accres> 

cent calyx of the Winter Cherry {Phyialft Alkekengi) Fig 299 Ver 

tical section of the fruit of the Quince {i^rus Cydoma\ showing the tube 
of the calyx adherent to the matured carpels, and forming a part of the 
pericarp the free portion or limb being foliaceous 


many plants of the Malvacece {fig 290), Caryophyllacece {fig, 
300, 5), and liosacece {fig 267), there is placed a whorl of leaf- 
like organs which is considered by some botanists as an outer 
calyx, and to which the name of epicalyx or caly cuius has 
accoidmgly been given The tiue nature of this outer whorl 
in the several cases has already been discussed 

Duration op the Calyx — The duration of the calyx vanes 
in different flowers. It is caducous ox fugacious when it falls 
off as the flower expands, as in the Poppy {fig, 297). In Each- 
Bcholtzia the calyx, which is caducous, separates from the hollow 
thalamus to which it is articulated, in the form of a funnel, or 
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the extinguisher of a candle A somewhat similar separation of 
the calyx occurs in Eucalyptus, except that here the part which 
IS left behind after the separation of the upper portion evidently 
belongs to the calyx, instead of to the thalamus, as m the former 
instance In these two lattci cases the calyx is said to be calyp- 
trate or operculate When the calyx falls oft at about the same 
time as the corolla, as m the Ciowfoot oi Butteicup, it is called 
deciduous In othei cases the calyx remains after the flower- 
ing IS ovei, as in the Henbane {fiq 288) and Mallow, when it is 
described as p>ersi8tent When the calyx is adherent or superior 
it 18 necessarily and foims a part of the fruit, as in 

the Quince (fig 299), Apple, Pcai, Melon, and Cucumber 
When it IS persistent and asbumes a shrivelled oi withered 
appearance, it is said to be manesceiit , when it is per- 
sistent, and continues to grow alter the corolla has fallen oft, 
so as to form a bladdeiy expansion round the fruit, as m the 
Winter Cherry and other species of Physahs (fig 298), it is 
termed accrescent ^ 

b The Coiolla 

The corolla is the inner envelope of the flower It consists 
usually of a single whoil of leaves, called petas In a complete, 
flowei (fig 245 7 ;) it is situated between the calyx and androe- 
emm, and is generally to be distinguished from the former, as 
we have already seen, by its coloured nature and more delicate 
structure When there is but one whorl of perianth leaves, as 
we have also before noticed, this is to be considered as the calyx, 
and the flower is then termed apetalous or monochlaiuydeous. 
The corolla is usually the most showy and conspicuous part of 
the flower , in some rare cases, however, it is green like the calyx, 
as in certain members of the Natural Order Asclepiadacece 
The fragrance of a flower is associated with its petals 

The corolla is sometimes smooth, but veiy frequently its 
surface bears hairs of various forms and colours, particularly m 
those flowers which are pollinated by insects Petals are fre- 
quently narrowed below into a stalk-like portion, which corre- 
sponds to the petiole of the leaf, as m the Wallflower and Pink 
(fig, 301) , the narrow portion is then termed the unguis or 
claw, 0 , and the expanded portion the limh, I, and the petal is 
said to be unguiculate or clawed In this particular, petals 
must be considered to resemble the fohage leaves more than the 
sepals do, as the latter organs iwre almost without exception 
sessile, or destitute of claws. 
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The shapes of the petals, like those of the sepals and leaves, aie 
subject to great vaiiation They may be linear ^ oblcnig^ lanceolatey 
elhpkc, ovate, cot date, &c The application of these terms, having 
been already fully explained when speaking of leaves, need not be 
further alluded to The condition of then maigins also, the manner 
in which they arc divided, and then teinnnations, aie also indicated 
by the same teims as those which we have already made use of in 
desciibing foliage leaves The petals may be dentate, bet t ate, cleft, 
pattite, -sected, acute, ematginatc, &g One particular condition of 
the margins does not occui in the case of the leaves , then edges are 
somewhat deeply slashed or divided, so as to present a number of 
long, narrow, almost thread like piocesses When this is the case 
the petals are said to be fituhtiated or ftinqed The condition is seen 
in some species of Dianthiis {figs 300 and 301) 

Fio 300 Fig 301 



J'tg 300 The flo\\tr of a •5i>eoiei, ol Pink (JHanthus) b Bractb, forming an 
epicalyx or involucre c Calyx p,p Petals, the limbs of which are 

fringed at their margins e Stamens Ftg 301 One of the petals of 

the same floi^er o Claw or unguis 7 Limb, w Inch is fringed at the 
margins 

In texture the petals are commonly soft and delicate, but they 
sometimes differ widely from this, and become thick and fleshy, 
as m the Stajjehas , or dry and rnembianous, as m the Heaths , 
or stiff and hard, as in Xylopia 

The petals also, like the sepals, may be either distinct or 
more or less united into one body In the former case, the 
corolla IS said to be polypetalous or dialijpetalous (figs, 300-308) , 
in the latter, gamopetalous (figs 304-321). 

1. Polypetalous or Dialypetalous Corolla — The number of 
petals which entei into the composition of the corolla is expressed, 
as lu the case of the polysepalous calyx, by a prefix of the Greek 
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numerals A corolla of two petals is said to be dtpetalous , of 
three, tripetalous , and so on 

When the petals are all of the same size and of similar form, 
and are arranged in a symmetiical mannei, the corolla is termed 
regular, as in the RosacecB (figs 207 and 302), but when the 
petals vaiy in these particulais, as in the Pea and allied plants 
(figs 260 and 303), it is said to be tnegula) Several varieties of 
legular and irregular polypetalous corollas occui 

A Regular Polypetalous Corollas —Oi these there are three 
characteristic forms, viz the ct uciform or a uciate , the cai yophyl 
laceous , and the rosaceous 

1 Cruciform or Cruciate — This corolla gives the name to the 
natural order Ciuciferce , but it also occuis elsewhere It consists 


Fig 302 


Fig 303 Fig 304 




car 


Fig 302 Flower of the Eose 6 Bract ct Tube of the 
calyx cf,cf,cf,cf,c/ Divisions of the calyx p,PjP, 

p,p Petals Ffg 303 Ihe flower of the Sweet Pea 

(Lathyrus odoratus) c Calyx v Yexillum a Al® or 

wings car Carina or keel Fig 304 Flowei of 

SpigeUa marylandica c Calyx t Tubular corolla / 
Limb of the corolla s Summit of the style and stigmas 



of four petals, usually with claws, as in the Wallflowei and Stock , 
but sometimes without claws, as in the Celandine, and the whole 
arranged in the form of a cioss 

2 Caiyophyllaceous — This consists of five petals, with long 
claws enclosed in the tube of the calyx, and with their limbs com- 
monly placed at light angles to the claw^s, as m the Campion, Single 
Pink (figs» 300 and 301), and Carnation 

3 Rosaceous — This is composed of five petals, which are sessile 
or have very short claws They are concave above, and spread 
regularly outwards, as in the Strawberry (iig 267) and Single Rose 
(fig 302) 

B. Irregular Polypetalous Corollas —There are many anomalous 
forms of irregular polypetalous corollas to which no particular names 
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are applied There is one, however, namely the Papihonaceoiis, 
which 18 of considerable importance, as it occurs in all British 
LegwmnoscB It is composed of five petals (figs 303 and 464) 
one of which is superior or posterior, and commonly largei than 
the others, and is teimed the vextllum or standaid (fig 303,1;), 
two inferior or anterior, which are usually more or less united and 
form a somewhat boat-shaped cavity, car , called the keel or ca? ina , 
and two lateral, called the wings or alre The alee overlap the 
caiina, and aie themselves oveilapped by the vexillum 

In many cases where a number of regular flowers aie massed 
together, as m certain coiymbs, umbels, or capitula, the flowers 
lound the margin of the infloiescence become irregular by the greater 
development of such of then petals as are outermost These are 
known as ladiant flowers 

2 G\Moprr\Lous Coiiolia When the petals form a gamo- 
petalous corolla, the same teiois aie used as in the case of the 
gainosepalous calyx to indicate the degiees of cohesion 

The gamopetalous coiolla, like the gainosepalous calyx, is regular 
when its paits aie of the same size, and of similar fignie oi form, 
and united so as to foim a symmetiical body (figs 304-309) , othfi 
iiieqiilai (figs 310 321) 

A Regular Ganwpetalous Coiollas — The following forms aie 
those most commonly occuiiing — 

1 Tubulai f where it is neaily cylindiical thioughout, the limb 
not spreading, as in Sjngeha (fig 304), and in the central floiets of 
many ConipositcCy as in the Ox eye (Chiifsanihemiim) and Sunflower 
(Helianthns) (fig 292) 

2 Campanulate oi bell shaped, wheie the coiolla is lounded at 
the base, and giadually enlaiged upwards to the summit, so as to 
resemble a bell in form, as in the Harebell (fig 305) 

3 Inf undibuU form or funnel shaped, where the form of the 
coiolla IS that of an inverted cone, like a funnel, as in the Tobacco 
(pg 306) 

4 Hypociateiifoim or salve? -shaped (fig 307), where the tube 
IS long and naiiow, and the limb placed at right angles to it, as in 
the Primrose 

5 Rotate or tvheel shaped, where the tube is short, and the limb 
at right angles to it, as in the Forget me not (fig 308) and Bitter- 
sweet (Solanum Dulcavia) a) 

6 Uiceolate or um-shaped, where the corolla is swollen in the 
middle, and contracted at both the base and apex, as in the Purple 
Heath (fig 309) and Bilberiy (Vaxcimum Myrhllus) 

B Irregular Gamopetalous Corollas — The following forms are 
most noteworthy — 

1 Labiate, bilabiate, or rtngent — When the paits of a corolla 
are so united that the limb is divided into two portions which are 
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placed supeiioily and infeiiorlj, the uppei one ovei hanging the 
lower, and each portion so ai ranged as not to close the orifice of the 
tube, thus resembling in some degiee the lips and open mouth of 

Fig 305 Fig 307 



Fig 306 Flower of the Harebell (Campanula rotundifolia)^ showing a cam- 

panalate corolla Fig 106 Flower of the Tobacco Plant (Nicotiana 

ThftacMw), with mfundibullform corolla big 307 Flower of a species 

of I^imula c Calyx, within which is seen a l^pocraterlform corolla, p 

t Tube of the corolla I Limb Fig 308 Flower of the Forget-me- 

not ( Myosotia palustria) p Rotate corolla i Scales projecting from its 

throat Fig 309 Flowerof a species of Heath (iPrfca) c Calyx, within 

which 18 an urceolate corolla, f, I 

an animal {figs 310-313), the corolla is termed lahiatej bilabiate^ or 
rtngent The upper lip is composed of two petals which are either 
completely united, as in the White Dead-nettle {fig 301), or more or 
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less divided, as m the Robemai> (pj 312) aud Germander (Teucnum) 
{fig 311) , and the lower hp of thiee petals, which aie also eithei 
entire, as in the Rosemary (fig 312), or bifid, as in some species of 
Lamium, oi tiifi<l, as m Oaleobdolon (fiq 313) When a labiate 


Fio 310 



Fig 311 


Fig 312 



Fi(j no Rinpont or j?apiug ('orolla of tho T)oa<l nettle (Lamiu77i nlhum), 

sliowing theenthe iippei lip Fuj 311 Back view of the flower of a 

species of Tfiuo lum^ show iiig the bifid upper lip of the corolla Ptg 312 

Flower of the Bo'jomary with upper lip divided 

corolla has its nppci lip much arched, as in the White Dead nettle 
(fiq 310), it IS fiequently termed iinqent oi gaping The labiate 
coiolla gives the name to the natuial oidei Labtaft?, in the plants 
belonging to which it is of almost iiniveisal occuiience It is found 
also in oeitain plants belonging to some othei ouleis 

2 Pei donate oj Masked -This foim of coiolla lesembles the 
labiate in being divided into two lips, but it is distinguished bv the 
low'er lip being appioximated to the uppei, so as to 
close the orifice of the tube oi throat The closing 
of the thioat is caused by a pi ejection of the lowei 
lip called the imlate {fiq 314) Examples occur m 
the Snapdiagon (fig 314) and the Toadfiax {fiq 315) 
In the species of Calceoidua the two lips become 
hollowed out in the form of a slippei , hence such a 
coiolla, which is but a slight modification of the pei- 
senate, is sometimes teimed calceolate 

3 Ligulate oi Stiap shaped — If what would 
othei wise be a tubular coiolla is paitly split open 
on one side, so as to become flattened like a strap 
above {fiqs 316 and 317), it is called hgulate or 
sti ap shaped This kind of corolla frequently occuis 
in the florets of the Compositce, either m the whole 
of those constituting the capitulum, as m the 
Dandelion (Tai axacum) y or only in some of them, 
as m the outer florets of some species of Smecw {fig. 289) The 
apex of a hgulate corolla has frequently five teeth, mdicatmg the 
number of its component petals (fig 316) 


Fig 313 



Fig 313 

Front View of the 
labiate corolla of 
Oaleobdolon^ 
with trifid lower 
Hp 
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Besides the foims of regulai and iriegular gamopetalous corollas 
already described, others also occui, some of which are but slight 
modifications of these, and arise fiom iriegularities that are produced 
m certain paits in the pi ogress of then development. In the 


Fig 314 


Fio 315 


Fig 316 



Fill 314 IVrbOuatecoioUaof the Snapdragon 
thinum) I Low ei lip u Uppei Up b Gibbous 

base hig 316 Fersonate coiolla of the Toadflax 

(Ltnaria)^ bpiifred at its base Ft<j 316 Ligulato 

coiolla of i Composite flowei, with five teeth at 
apex 


Fig 317 - Fig 318 





Fw 617 Liguiate corolla of the Ox eye (Chrynanlhe- 

mum) Fig 318 Digitallforxn or finger-shaped 

corolla of the Foxglove {DxgUalis purpurea) 

lig 319 Irregular rotate corolla of Spe^well 
( Veronica) 


Foxglove {fig 318) the general appeaiance of the corolla is some- 
what bell-shaped, but it is longer than this form, and slightly 
irregular, and as it has been silj^posed to resemble the finger of a 
VOL. I. M 
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glove, it bas leceived the name of digitahfot m oi Juiget -bJuijwd In 
the Speedwell (fig 119) the corolla is neaily rotate, but the divisions 
are of unequal size and shape, hence it may be desciibed as mega 
larhj 7 otatet and in the Bed Valeiian the coiolla is megulailij 
salver shaped (fig 921) 

Appendages thi* C'okollv The corolla, like the cal} 
whether polypetalous or gauiopetalous, is subject to various 
irregularities, ansiiig from the expansion oi growing outwards 
of one or moie ot the petals, or the tube, into inocesses oi 
appendages of ditlereiit kinds In the Snapdiagoii (/ny 
ill4, h) and Valeiian ijig d20), the lower part of the tube of 
the corolla becomes dilated on one side, so as to lorin a little 


Flo 320 


Flo 321 



l i{j ,i20 lU)\sei ol cl fcpttit- 
of ViIldau (\alfJt(W(() 
t C’dlyx, adhtieut to tin 
o\ai} I Limb oi tin 
calyx lulkd unsaid'. Hit 
c orolU liA'. a projection 
low inlb It' hdbe, and i-. 
htiite &aid to be gibboii' 
-lig 331 Flower ot the 
Ked Valcridii txJtnttanlhU'^) 
Ibe coiolla ib irregular! \ 
salvei-bhaped and 'purred 
at it'' baist 


pouch or sac, it is then termed saccatt or this teim 

being used m the same sense as previously described when 
speaking of the calyx. In other cases, one or moie ol the 
petals, or the tube, becomes prolonged dowuiwards and forms 
a spur, when the petal or corolla is described as spatted 
or calcatate Examples of spurred petals or coiollas maybe 
seen m the Pans} , Columbme {Jig d2J3), Toadflax {jKf 315), 
and Red Valerian {Jig. 321). Only one spin may be present, 
as in the Pansy, oi each of the petals may be spurred, as in 
the Columbine {fig 823) The Yellow Toadflax, which usually 
pioduces only one spur, in rare instances is found with five 
Such a modification of the structure was termed by Lmu«us 
peloria, a term which is now frequently applied by botanists in 
the case of all flowers which thus pass from irregularity to 
regnlanty. In the Monkshood {fig. 822) each of the two petals 
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which are situated uiidei the helmet-formed sepals already 
noticed 286) is shaped bomewhat like an iiregularly curved 
horn placed on a long channelled stalk 

The coiolla is usually composed of but one whoil ot petals, 
and it lb then termed ainiplc , but in some tiowers there aie 
two 01 more whorls, m which case it is called midttplt When 
the (oiolla is composed ot but one whoil, its paits in a regulai 
arrangement alternate with the sepals, .dthough cases some 
tunes occui in which the> are opposite to them The causes ot 
these ditfeient auangements lia\e already been evplained undei 
tlic head of the S;> mmetry ol the Flowei 


Fig 822 



{•Kj 322 A ijoitioii of (lu {lu\v«r 
numerous stamens btlow, aiul two 
ab<»vc — — /e/ llowci ol tlit 
i loh ot Its iiotals spin ml 


Fig 328 



«*f the Mouk'-hood ( At <mUu/n), with 
stalknl sonie*\vhat liorn 8luipc*cl petals 
ColuinhiiK ( with 


On the iiniei siiiface ot the petals ot many flowers we may 
frequently obsei\e appendages of ditleient kinds ni the toim of 
scales oi hair like piocesses of*vaiious shapes These are com- 
monly situated at the junction ot the claw and limb (yif/ 827, a ) , 
Ol at the base ot the petals {Ji(f8 324 and 820) Such appen- 
dages may be well seen in the Mignonette {Ji<f 325), Buttercup 
{jKf 824), LtjcUnis (/ly 827, a), and Grass of Parnassus (Jiff 
326) Similar scales may be also fieitiiently noticed in gamo- 
petalous coiollas near the throat, as m many members of the 
Boratfinacece, paiticularly the Comfrey, Borage, and Forget- 
me-not (Jiy 808, r ) , also in the Dodder, and many other plants 
Sometimes these scales become more or less united and form a 
cup shaped structure, as m perianth of the Daffodil (Jig 828) 

m9 
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and other species of Narcisaua , to this the term corona is 
commonly applied The beautiful fringes on the corolla of the 
Passion flower are of a siuiilai natuie 


Flu .12b 



tiq 324 Tital ol a liuttiicup with i iiu taiileioiis btak at itt> bu^t 

i iq 326 One ot the petah of Mignonette {Ii*se<Ut) / n/ 3Jb 

of tht Gian'S ot rainub'siis iPnnuasut bcaiing a lunged bc ile it 

itb ba^e 


The origm of all these scales is by no means clearly aster 
tamed , by some botanists they have been supposed to be de 
rived from the petals, by others to bo abortive stamens', those 


lia 627 Flu 328 



327 A petal of a speeieb of J o Claw / Limb a Scaly ap- 
pendages /ii; 328 IJlowtr of the Daffodil {AUu^mus rueudo'mu ewus) 

The cup- 01 bell-slittpeilsprocees towards the centre is termed a e*orona 


occurring at the junction of the claw and limb are hgules deve- 
loped on the pet^s Formerly many of these appendages were 
described under the naihe of 'nectanea^ although but few of them 
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possess the powei ot secreting tlie hone^ like matter oi nectai 
from which thp^ (lpri\ed their names, they were therefore 
impropeily so teimed. 

Duration of tiif Corolla— The dination of the corolla 
varies like that of the caly\, hut it is almost ah\a\s moie 
fugiti\e than the latter It is iaducous if it falls as the flowei 
opens, as in the Grape-vine , commonly it is drnduous, oi falls 
off soon after the pollination of the dowei In lare instances it is 
persxatentf in which case it usually becomes di\ and shri\elled, 
as m Heaths and the species of Canqmnnia, when it is said to 
he wa'icpficent 

(3) THF SPOROPH\LLS 

The two wdioils of spoiophylls ha\e been already teimed the 
Androeciiim and the Gynfrcium oi Pistil lespectively 

FloW'ers which possess both these whoils 
ha\e been inaccniately called hei maphrodito 
or hi^exunh a telmlnolog^ based upon the 
now djspio^ed Mew that the stamens and 
carpels aie male and female oigans As we 
shall see latei, the sexual oigans aie de\ eloped 
upon the gametophj tes to which the spores 
give oiigin A bettei term foi such doweis 
\8 amhispo'tangiate "When only one whoil 
of spoiophylls 13 present, the\ are diclinous, 
as in Caxer {fig H29) and Sahx {figs 214 
and 215) Diclinous flowers ma> be eithei 
sfaminaie (figs 214 and 329) oi pisiiUaie 
{^g 215) In the loimer case the\ contain 
onl> stamens, in the latter only carpels. In 
both a peiianth is usualh piesent When a 
flowei possesses neither andi(pcium noi g>na'- 
ciuin,as is sometimes the case with the outei 
florets of the capitula of the Compositce, it is 
said to be aspoi angiate W^hen the flow'eis 
are diclinous, both staminatc and pistillate 
flowers ma> be borne upon the same plant, 
as 111 the Hazel, Oak, and Arum (fig 201), m which case the 
plant IS called monoecious , or upon different plants of the same 
species, as in the Willows, when the species is termed dioecious 
In some cases, as m many Palms and in the Pellitory, staminate, 
pistillate, and ambisporangiate flow'ers are situated upon the 
s^me individual, and then the plant is called pompom 


Fig 32y 



/ %g 320 staminate 
flower of a spcciea 
of Cat ear 3’he flla- 
mentg are long and 
capillary, and the 
anthers pendulons 
and innate 
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c The Andi oectum 

The andropcuim the ^\horl oi whoils of sporophylh which, 
in a complete flower, m situated betw^een the corolla or pen 
anth on the outside, and the g\nnnciuni on the inside. The 
leaves or sporophylls beai the raicrospoian^a, and aie termed 
stamens (fiq 384) Each is generally composed of a slender 
portion or stalk, called the iilameni , and of a club shaped 
head, rr, called the anther , this consists of a soius oi gioup of 
foui microsporangia oi pollen-sacs^ which 
contain the microspoics oi 
In ceitam cases the anthers are not developed, 
the stamen being then lopresented h^ astami 
node This commonly presents a flattened 
appearance, as in the flowers of the species 
of Canna When, as is rarely the case, the 
filament is absent, as in the Cuckoo pint 
( fiq 830), the anthei is described as sessile 
Though the miciospoiangia aie usually 
borne upon spoiophylls (stamens), this is 
not without exception In some aquatic 
plants, such as the Naiadacece^ and in some 
tiopical tiees, the^ occur upon certain portions of the axis 
When this is the case, the teim stamen is still applied to the 
structure bearing them 

Befoie discussing the androeciiim as a whole, it will be well 
to examine the peculiarities of the stamens of w^hich it is com 
posed Each consists, as we heue seen, of a filament and an 
anthei, the lattei containing the pollen 

1 Thi* Filxmfnt — T he filament is usnall> regarded as 
homologous w ith the petiole of a leaf Its importance consists 
in placing the anthei with its spoiangia in a position adian- 
tageous foi the dissemination of the spoies or pollen grains 
It consequenth varies in foiin, length, colour, and othci par- 
ticulars , a few of its more inipoitant modifications wull be now' 
alluded to. 

Foim — As its name implies, the filament is usually found in the 
form of a cylmdiical piolongation which geneiallj tapers in an 
almost imperceptible inannei fiom the base to the apex, as m the 
Rose Sometimes the filament, instead of supporting the anther in 
the erect position as it usually does, becomes curved, and the anther 
IS pendulous as in most Sedges and Grasses (Hqs 329 and 831) 
The filament ipay become enlarged, when if is frequently flattened 


Fig 330 



/ iq 130 Stamen 
(if the rneftoo 
liint (Anon mu 
inlatum)^ con 

Sitting simph ot 
an anther A\hich 
^es<8lie upon 
the thalamn^ 
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in \arion«? ways In some cases it is dilated gradually from 
below upwards like a club, when it is clavatc oi club-shaped, as in 
Thahctrum , oi it is slightly enlaiged at the base, and tapers 
upwards to a point like an awl, as in the Flowering Rush {Biitomu^ 
umhellatu^) , in othei cases it is flattened at the base, the rest of 
the filament assuming its ordinaiy lounded foira, as in Tamaiix 
qalhca (fiq 332) and species of Campaivila ( fiq 333) , the whole of 
the filament may be flattened, assuming the appeaiance of a petal, 
when it IS described as petaloid, as in the Watei lily (fiq^ 276, e, 
and 346), and in Canna and allied plants 

The filament mav be toothed, as m Allium ( fiq 334), oi forked, as 
in Ciamhc {fiq 335), oi furnished with vaiious appendages, as m 
the Boiage ( fiq 33b, a), in ^^hlch case it is said to be appendiculate 

Fm 334 




t\q ISl A Ititiistft of Wheat (Tnttcnm <tatlnim), consisting? of several 
tioosers, the stamens of which hn\e v(r> Ions? paplllar^ filaments, ami 
\ersanle pendnlnus anthfiN The anthers are notched or forked at each 

extremHv, and tlms re^^emhle soinew hat the letter r in foim Fig SS2 

Three of the stamens of Taman t quUua, with their filaments flattened 

at the base and united with each other Fig 333 Pistil of a species 

of Campanula with a solitary «tamen whose filament is flattened 

Fig 334 Dilated toothed filament of a species of Allium, 

Colour and Diiection — In coloui the filaments aie generally 
white, but at other times they assume vivid tints like the corolla 
01 peiianth , in the Spiderwoit they aie blue, m various species of 
Ranunculus and of (TCnotheia yellow, m some Poppies black, m 
Fuchsia led, Ac 

In ditectwn the filaments, and conRequentl> the stamens, are 
eithei erect, incut ved, lecui led, pendulous, Ac these terms being 
used in then ordinaiy acceptation When the filaments are all 
turned towards one side of the flowei, as in the Horse-chestnut and 
Amaryllis, they aie said to be decimate Generally speaking, their 
direction is neaily the same from one end of the filament to the 
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other, but in some cases the original direction is departed from in a 
remarkable mannei, and the upper part of the filament forms an 
angle more or less obtuse with the lower, m which case it is termed 
qeniculate^ as in Mahemia Some confusion may arise from the 
apparent presence of an articulation in the filament, as in Euphorhm 
(fig 338, a) In this case the structure is not to be considered as a 
true filament, but as consisting in reality of a flower-stalk supporting 
a single stamen The flower heie, therefore, is leduced to a single 


Fig 335 


Fig 33r3 


Fig 337 



I P Ftg 336 Gj naecium and anAroeciiun of Ctamhe The longer 

1 filaments are foiked Fig 336 A stamen of the Borage 

I ( lioi ago officinalis) f Filament a Curved appendage to 

I the filament J Anther — Fig 317 Corolla of Myosotu 

c>r Forget-me-not, laid op«i There are five stamens with 
ver> short filaments attached to tlie corolla and included 

within its tube Fig 338 Staminate flower of 

consisting of a solitary stamen, 6 without any floral em elopes sun ounding 
It, hence it is said to be nakeil or achlamvdeoiis Ihe anthei is two 
lobed, and the connective ^er^ small a Articulation, indicating the 

point of union of the tnie filament and peduncle, Fig 339 Trans 

\er8e section of a ^oung anther of Feottxn jnctu From Pchleideu 
A Back of the anther to which the connective is attaohetl b, b The 
two lobes of the anther a Vascular bundle of the coniiecti% e d, d, d d 
The foui microsporangia or pollen sacs 


stamen, all the partis except the latter being abortive This is pioved 
by the occasional production in some allied plants of one or more 
whorls of floral envelopes at the point wh^re the joint is situated 
In the Pellitory (Partetai m) the filament assumes a spiral direction 
Duratton —The filament usually falls off from the thalamus soon 
after the flower opens, or is deciduous , but m rare cases, as in the 
species of Campanula^ it is persistent, and remain^ attached to the 
ovary in a withered condition. 
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2 The Anther — The anthei is essentialh a clustei oi 
SOI us of microsporangia, the lattei being colieieiit together 
The number of the sporangia vanes in different families , there 
aie man^ in some of the Cycads, t^vo in the genus Finns, and 
usually four in the Angiosperms The soius is not eo\eied b\ 
any indusium as m the Feins, though this stiuetnie is lepie 
sented in the joung anthers of the Ciqn rasinf ce b\ a slight out 
growth from the surface of the sporophyll Tlu' spoiangia 
being coheient togethei, the anthoi has nsualU a somewhat 
swollen appearance Their disposition enables us to obsei\e 
in a tians\eise section two paiallel /o6rf, ii, n, separated b\ a 
poition, A, a, called the connective, to uhich the filament is 
attached Each lobe shows the cavities of two miciospoiangia, 
(1, d, d, d, separated b\ a septum w Inch passes from the eon 
nectne to the walls of the anthei The iniciosporangia contain 
the pollen giains or niiciospoies The anthei s of Angiosperms 
m an eaih stage of de\elopment possess loin miciospoiangia, 
and this is consideied the normal state 

When a fully developed anthei exhibits a sinnlai striictme, as m 
the Flow eiing Rush, it is fon> celled oi quachilocnlat ihqs 340,6, 
and 361, /) , when, as is fai more commonly the case, the paititions 
sepal ating the two spoiangia of each anther lobe become absorbed, 
it IS two celled oi biloctdai {fiq 360) In laie cases the anther is 
uniloculai, oi one-celled, as in the Mallow (fig 369), Milkwoit (jig 
341), and Lady’s Mantle (fiq 342), this aiises eithei from the 
abortion of one lobe of the anther and the absoiption of the septum 
between the two sporangia of the lobe that is left, or from the 
destruction of the partition wall of the tw^o lobes as well as of the 
septa between the sporangia of each lobe In many species of Salvia, 
the connectne becomes elongated into a Kind of stalk, each end of 
which beais an anthei -lobe (fiq 344) When this occurs one lobe 
only, If, contains pollen , the other, h, is steiile That suiface of 
the anther to which the connective is attached is called the back 
(fiq 339, a), and the opposite surface, b, b, is the face The lattei 
always pi esents a more oi lesh grooved appeal ance (fiqa 339 and 
344, c), indicating the line of junction of the tw'o lobes Each 
lobe also commonly presents a more oi less evident furrow 
(fig 344, 6), indicating the point at which the mature anthei will 
open to discharge the pollen , this furrow is termed the sutwe By 
these furrows the face of the anther may be generally distinguished 
from the back, which is commonly smooth ( fiq 339, a), and has 
moreover the filament attached to it. The face is generally turned 
towards the gymecium or centre of the flower, as in the Water-lily 
(fig 346), Vme {fig 344), and Tu^p (fig 347), m which case the 
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anther is called introrae ; but in some instances, as in the Iris and 
Meadow Saffron {fiq. 845), the face is directed towards the petals or 
circumference of the Hower, when the anther is said to be extrorse. 


Fig. 840. Fig. 341. Fkk 343. 



Fig. 340. Four-oollwl nntlier of the Flowering Rnsh ( fiHtomus tnnftellatus)i 
n. Filament bearing an entire anther, b. Section of the anther with its 

four eeila. Fig. 341. Androecium of KWkwort (Fohigala), witli eight one- 

oeUe<l anthers dehiscing at tlioir apex. Fig. 342. One of tlu* stamens of 

the Lady’s Mantle {Alchemilla). The anther is one-eelleil, and dehisces 

transversely. Fi(h 343. Stamen of the Sage (Salcin). f. Filament. 

r. Elongat^ connective, separating the two lobes of the anther, one of 

which, prcHluces pollen, while the other, /j«, is sterile. Fig. 344. The 

audroBcium and gyniBoium of the Vine (Ftf/ts rinifera). ». Anther. 
c. Furrow in its face which is turned towards the pistil or gynaeclura. 
h. Suture or line of dehiscence. The anther is introrse. — -Fig. 346. The 
^leriauth cut open, showing the stamens, of the Meadow Saffron (Ce/rWcnm 
autumnaifX with extrorse anthers. 

Attachvient of tlie Filament to the Anther.— The mode in which 
the anther is attached to the filament varies in different plants, but 
is always constant in the same species, and frequently throughout 
entire Natural Orders, and hence the characters afforded by such 
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clifferenceB are impoitant in systematic botany There aie thiee 
modes of attachment, which are distinguished b> special names 
1st, the anthei is said to be adnate oi domlned when its back is 
attached thioughont its whole length to the ii lament, oi to its con 
tinuation the connectiN e, as in the Magnolia ( /n/ d'lO) and Watei 
lily ( fiq 34G) , 2nd, it is timate oi ha<itfi'ied when the filament is only 
attached to its base, and fiimh adheient, as in the species of Cm pi 
{ lig 329) , Sid, it is veisatilc^ when tlie filament is onl^ attached bj 
a point to about the middle of the back of the connectne, so that the 
anthei swings upon it, as in Glasses geneiall> ( hg 331), and in the 
Lily, E\ening Piimiose, and Meadow Saffion 

Conncchic — The lelations of the anthei to the filament, as well 
as of its lobes to each othei, aie much influenced by the appearance 


Fio 34(j 


Pl(r 07 



Ai(/ 346 \ portion of the of tlu \\ lut« \\ otei liU ( \umph(jen alba) 

■^ho^ving the gjnapclum nn h\ a luge lle>ihv <li3c which pio 
longed from the thalamiH Below the pistil are some stamens which have 
petaloid filament', and ndnatt Introrst anthers two petals are shown, 
the othei s liaMiig been removed — Fi<} S47 G\mP( mm and androecinm 
ot the Tulip The staineii'. t'l and hove mtioi f nnthris, whn h dehlsd 
longitndmalh 


and size of the connectne In all adnate antheis the connectne 
IS laige, and the lobes geneially moie oi less paiallel to each othei 
tbioughout then whole length {do 350) In othei cases the con 
nective is very small, or altogethei wanting, as in species of Kuplioi bia 
( fi^ 348), so that the lobes of the anthei aie then mimediatel} in 
contact at then base In the Lime the connectne completely 
sepaiates the two lobes of the anthei {fig 349) In the Sage and 
othei species of Salvia the connective foims a long stalk like body 
placed honzontally on the top of the filament , one end of it bears 
an anther -lobe, //, containing pollen, the othei merely a petaloid 
plate 01 abortive anther lobe, U {fig 343) , it is then said to be dis- 
tractile Sometimes the connective is piolonged beyond the lobes of 
the anther , either as a little lounded or tapering expansion, as m 
the Magnolia {fig 350), or as a long featheiy process, as in the 
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Oleander ( fig 352), or in vaiious other ways At othei tunes, again, 
it IS prolonged downwaids and backwards as a kind of spur, as in 


Fio 348 Fig 349 Fio 350 


Fig 351 Fm 362 



Flo ^48 A male naked flower of a '^peeies of Puplmbm^ showing 
the tw’o lobes of the anther and the almost total absenee ot 

th^ connective F^q '148 A stamen of the Lime (Ttho)s 

show ing the large coniiectii e separating the lobes of the anther 

Ftq 360 A ^ lew of the inner face of a stamen of Magnoha 

qlnuca^ sliowing the adnate anther and prolonged connective , 

Ftg 361 Two stamens of the Pausj (riefa tticolof) 

The connectU e of one of them is prolonged downw ards m the 

form of a spur Fig 362 Sagittate anther lobes of the Olean 

der (J\>; mm oleander), and the prolonged feather\ connect! \ e 



the Pansy {fiq, 361) Antheis with such appendages aie termed 
appendiculate 

The lobes of the anther also, like the connectue, fiequently 
present appendages of tarious kinds In Eiica cinerea they ha\e a 

Fig 353 Fio 354 Fig 355 



Fig 361 A stamen of n hpeciis of Acalfpha in a joniig state / Filament 

/ Linear anther-lobes t%g 364 A stamen of MereunalU annua 

f Filament c Connective 7, 1 Rminded anther-lobes dehiscii^ longi- 
tudinally Fig 355 Tlie linear and sinuous anther-lobes, /, attached to 

the filament,/, of the common Bryony {Bryonia dioirn) 

flattened leafy body at their base {fig 366, a) ; at oUier times the 
(Surface of the anther presents projections in the foitn of pointed 
bodies (^p.3d7« a), as m Vc^cmtum uhginoBtm, or warts, dsc, Such 
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anthers, like those which present appendages fiom the connective, 
are termed ajjpendiculate 

Dehiscence of the Anther — When the anthers are perfectly 
ripe the pollen-sacs or miscrospoiangia open and discharge 
their contained pollen {fig, 359), this act is csMed the dehiscence 
of the anther Dehiscence commonly takes place in the line of 
the sutures {Jig 344, 5), and at the period when the flower is 
fully expanded, at other times, however, the antheis buist 
before the flower opens All the anthers may open at the same 
peiiod, 01 in succession , and in the latter ease the dehiscence 
^iiay eithei commence with the outei stamens, as is usually the 
case, or raiely with the inner 


Fio 65b Ficr 657 Fig 358 



Fuj 36b Appendicuidte auttier attached to filameut, ^ of the Fiuelea\eil 
Heath {Luca cmetm) a \ppeiidage / Lobes / Lateral short slit 
where dthisceiice tdkefc pla( e - ~Fiq 357 llilurcate author of \amnu(in 
fthifinobum attached to hlaiueut, / { Anthti lobes a Appeiidagt^ 

p Points of the anther lobe'- uhut dehiscence take's place /iv 35H 

Quadiifureate uuthei of OVof/Me/za uttai hed to tllumtiit t 

I Anther lobes 


The dehiscence of the anthei may take place in foui different 
ways, which aie respectively called 1 Longitudinal , 2 Tians 
verse , 6 Porous ; 4 Valvular, 

1 Longitudinal ot Sutuial, — This, the usual mode of dehiscence, 
consists in the opening of each anthei -lobe from the base to the apex 
in a longitudinal direction along the line of sutuie, as in the Vino 
(fig 344, c) and Tulip (Jig 347) 

2. Transverse , — This kind of dehiscence occurs in unilocular 
anthers, as in those of Alchemilla (Jig 342), Lenina^ and Lavandula 
It sometimes happens that by the enlargement of the connective the 
loculus of a one-oelled anther is placed horizontally instead of 
vertically, in which case the dehiscence when it takes place in the 
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line of the butuie ib apparently tiaubveiae, although it ib leally 
longitudinal An example of thib kind of dehibconce is alloided by 
the Mallow and othei plants belonging to the Natuial Ordei Malvacac 
{ng 35D) 

3 Powuii ot Apical —This isameie modihcation ol longitudinal 
dehiscence It is foimed by the biilittiiig down of the anthei -lobes 
being aiiested at an eailyiieiiod bo as only to pioduce poles oi short 
blit^' In such anthcib theie is commonly no tiace ot the sutuies to 
be been externally The poies oi slits may be situated eithei at the 
apex, asm the species of Solanum (juj 3b3) and Milkwoit (luj 341) , 
01 lateially, as in the Heaths (fuj 350, /) There may be eithei two 

Flo 35‘) 



Fig. 369 Stamen of the Mallow ( ^alia), the anther of which has^ an appa 
reutly trans verse dehiscence — — Fig 360 Two celled anther of Pyrola 
rotundtfoha, suspended from the filament, / I Loculi, each opening by 

a pore, p Fig 3bl QuadrilocuUr anther of Poi anthei attach^ to 

filament,/ I Loculi, each opening by a pore, - hg 162 Antlui of 
TetnUheta juiaea, opemiig a single pure at the ai)c\ These liguits aic 

Irom Jussieu 1 ig 363 Anther lobes e»l a '>pceR'. of tsohinamy each 

opening bj a pore at the apc\ 


pores, as is usually the case {fuj 3b0, oi ioui, as in Foyanthcia 
{Jig 361,/;), oi many, as in the Mistletoe, oi only one, as in Tettatheca 
fwicea (Jig 362) 

4 Valvula? — This term is applied when the whole oi poitioiis 
of the face of the anther open like trap doois, which aie attached at 
the top and turn back as if on a hinge. In the Baibeiiy (Jig 364) 
there aie two such valves , in plants belonging to the Laurel family 
{fig 3jb6) there are two oi four, accoiding to the numbei of the loculi 

now consider the androeciuni as a whole honi the 
point oi^|w^,of the relations of the stamens to each othei , and 
to the other whorls of the flower, noting the following points — 


1. Number; 2. Insertion or Position, 8. Union or Cohesion, 
4. Belft^e^Length. 
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1. Nanibet , — The number of the btaineiib is subject to con- 
siderable variation , noiiiially they are equal in number to the 
sepals and petals, the flowei being tHoatemonotm ^ sometimes 
they die twice as numerous {diplostemonoua). The number 
may, however, bcai no exact i elation to the numbei of the 
perianth leaves, the irregulaiity being due to various causes 
which will be discussed later 

When the stamens are tree their number is expiessed by the 
Greek numeials prehxed to the termination -andtous, a flower 
having one stamen is nionandtoun, one with two, and 

so on 

2 Inset tion O! Position ot Adhesion — When the stamens 
are hee fiom the caly\ and pistil, and arise fiom the thalamus 


Fkj 304 


Fig 364 Anther ot Baiberrj 6^715 
lulgati'^), opening bv two valves 
I ig 365 Stamen oi u species ot 
I aums f Filament, with two 

glands, y, g, at its base IJ Loculi, 
ot which there are foui t Vahe- 


Fio 3()5 



below the latter organ, as m the Baibeirv {Jiy d98) and Ciow- 
foot {Jig 366), they are said to be hypoyynous , this is their 
normal position When the stamens are attached to the corolla, 
as in the Primrose {Jiy 367), they mu cpipetulom When they 
apparently adhcic to the leceptacular tube, so that their posi- 
tion becomes somewhat latei*al to the pistil instead of below it, 
as in the Cherry {Jiy, 368), they as \\ ell as the corolla are said to 
be periifynous. When the thalamus oi the calyx is adherent to 
the ovary, so that the calyx appears to arise fiom its apex, the 
intermediate stamens and petals or coiolla are also necessarily 
placed on the summit, and are said to be epigynous^ as m the 
species of Campanula (fig, 369) and Ivy. It sometimes happens 
that the stamens not only adhere to the ovary or lower part of 
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the pistil, as in the epigynous form of insertion, but the upper 
part of the stamen or stamens and that of the pistil become com- 
pletely united also, and thus form a column m the centre of the 
flower, as in Orthis {^g 370) and Aristolochia 371) , this 
column is then termed the gynostetmum, and the flowers arc 
said to be gynandrouss 

3 Union or Cohesion — When the stamens are perfectly free 
and separate from each other, as in the Vine {fig 344), they are 
said to be pee or polyandrous ^ they may, however, be united 
by either their filaments or then antheis 

When the antheis are united, the stamens are termed syn- 
(fcnesious 01 synanthenms {fig 372) Tins union occins m all 


Flu 3bb 




Ftg 366 Apocarpous pibtil of the Crowfoot {^Ranuntulun), with two stamens 
ariiiiijg from the thalamus below it or bypogynoup — 367 Vertical 
'•ection of a flower of the Primrose (/'/iwtt/rc), showing epipctaloiis stamens 
Ihe pistil in the centre has an ovary with a tree central placenta, one style, 
and a capitate stigma - -Fiy 368 Vertical bcctioii of the flower of the 
Cherry, showing the perigjuous stapieus surrounding the pistil 


the Compositoif the Lobelia, and in some other plants When the 
anthers are thus united the filaments are commonly, though not 
always, distinct. When cohesion occurs m the staminal whorl, 
however, it is more usual to see the filaments united, and the 
anthers free This union by the filaments may gather them into 
one or more bundles, the number being expressed by a Greek 
numeral prefixed to the termination -adeljAious. When all the 
lilaiui^^^ unite together and form one bundle, as m the Mallow 
(Jiifi and Wood Sorrel ( fig* Q74), the stamens aie said to 
be monadelphous When such a union takes place in a 
complete flower, the coherent filaments necessarily form a 
tube or rmg round the pistil placed m their centre, as in the 
Wood Sorrel (fig* 374) ; when the pistil is absent, and the 
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flower therefoie incomplete, the united filaments foim a more 
oi less central column, as m Jatropha Curcas {fig 375, a) 


Fio 369 


Fio 370 


Fm 371 




Fu! *169 Vntical section of the flower of a ‘'i>e( les of CVrw/irtnwfff with epi- 

jfVnoiis Ptftmen«» Fu/ 170 1 lowei of O/chi^ ina<tciil<( The column in 

the centre is formed b^ tlie union of the <*1 miens 'md et>le Fiq 371 

The pistil and «tainens of Biithwoit ( in<ttnfoc?na) The o\ar\ is seen 
below, and the stamens above nnitcil into a (olmnn with the 5t\le 


When the filaments unite so as to foim two bundles, the 
stamens aie teimed diadelphoiF^y as m the Pea (fig 376), 


Fig 37‘2 Fm 373 


Fig 374 


Fig 375 


Fig 372 Sjngenesloua antheis of a species of Thistle {Carduus} — Ftg 373 

Monadelphous Rtamens of a species of Mallow (J/a/m) Fig S74 Mona 

delphous stamens of Wood Sorrel (OraJis), forming a tube round the pistil 
Fig 876 Male flower of Jatropha Curcas c Calyx p Corolla e Sta- 
mens united by theli filaments into a tube, w, which oocupies the centre 
of the flower, as there is no pistil 

Milkwort (fig. 341), and Fumitory; the filaments m ecwjh 
bundle may be equal in number, as in the Milkwort (fig, 841) 
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and Fmmtor} , or unequal, as in the Sweet Pea ififj 376), 
where theie are ten staiiienb, the filaments of nine of them 
being united to form one bundle, uhile the other filament 
lemains fiee The bundle in this case is made up of fi\e 
stamens belonging to one whoil and foiii belonging to the othei, 
the androecium in the Pea famil;\ being composed of two whoils 
with fi\e stamens m each When the stamens aie united b\ 
then filaments into thiee bundles, they aie tuadelplwn^, as m 
most species of St John’s Wort (fiq 378) , and uhen m more 
than poliiadrlplinu^^ as m the Oiange {fjq 377) 

The union of the filaments in the abo\e case^. may either be moie 
01 less complete, extending ovei then whole length, and thus foim- 
ing a tubulai column lound the style oi st 3 les, as in the Mallow 


Fio Ml 



Ftq 376 Diadelphons of tlie Suoet Pea {^fqthiuu^ odo 7 afu^) viu 

rounding the simple pistil There are ten stamens, nine of which are 

united and one free Hq 177 Flower of the Orange flive=>te<l of 

corolla, to «how the polvadelphons stamens 

(fiq 373) and Wood Sonel (fig 374) , oi the union may onlj take 
place at the base, as in Tamaii'ic qallica {fiq 332) The bundle 
or bundles, again, may be either unbranched, as in the Wood Sorrel 
{fig 374) , or branched, as in the Milkwort {fiq 341) and Castor oil 
Plant (fg 379) When the united filaments form a tube or column, 
the term and'ioiyhoi e has been applied to such a stiucture, as m the 
Mallow (fig 373) and Wood Sonel fiq 374) 

4 Relative Lenqth — There are two separate subjects to be 
tieated of here, namely, the lelative length of the stamens with 
iespec1r,s!'|o the coiolla , and their length with respect to each othei 
When the stamens aie shorter than the tube of the corolla, so as to 
be enclosed within it, as in the Forget-me-not (fg 337), they are said 
to be and when they are longer than the tube of the 

corolla, so «^®extend beyond it, as in the Valerians (fig$ 321 and 
330), th^ 2itx4m^ted.Qt protruding. 
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The relative length of the stamens with respect to each other 
presents several peculiarities Sometimes all the stamens of the 
flower are nearly of the same length while at other times they are 
very unequal This inequality may be altogether irregular, following 
no definite rule, or take place m a definite and regular manner , 
when the flpwers are polystemonous, the stamens nearest the centre 
may be longer than those at the circumfeienee, as m Lnhea pamcu- 
lata {fig 381) , or the re\eise may be the case, as in many of the 
Rosacem In the case of diplostemonous floweis, such as the Willorv 
Herb (Epilobium), the stamens alternating with the petals are almost 
always longer than those opposite to them When the stamens are 
of two different lengths in different flowers of the same species, as in 


Fio 178 



Fio 379 



Fig 380 



Fi(j 378 The pistil, «, of Iliipencuiti aguptuicuniy bunoimded b^ the ‘Sta- 
mens, e which are united by their filament**,/,/, into three bundles — 
Fig 379 One ol the branched bundles of stamens of the Castor*oil Plant 

(Rictnm communis) f United filaments /n; 380 Flower of a species 

of Valerian ( Valemma)^ showing the stamens prolonged beyond the tube 
of the corolla, ex«ierted The corolla is gibboua at the base 


the Primrose, the lattei are said to be dimmphic This condition 
w ill be afterwards alluded to in speaking of fertilisation 

When theie is a definite lelation existing between the long and 
short stamens with respect to number, certain names are applied to 
indicate such forms of regularity In the Wallflower {fig 382), and 
other members of the CiucifercBy there aie six stamens to the flower, 
of which foui are long and arranged in pans opposite to each other ; 
alternating with these pans are two solitary shorter ones , to such an 
arrangement we apply the term Mradynwnons When there are but 
four stamens, of which two are long and two shoit, as in the members 
of the Labtata {figs 311 and 313), and in the Foxglove (fig, 888), 
and most other plants of the Natural Order Sc7 ophulariacccB, they 
are said to be didyna^nous 

n2 
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The Bollfn — The pollen consists of inicioscopic cells 
winch coirespoiul to the imct ospoi of the highei Cryptogams 
The^ possess two coats, known as the cxHne and the inhnc In 
raie cases the ontei coat appeals to consist of two, oi e^en 
three, layeis , while m Zostcra, Zanmchclha, some othei 
submeised aquatic plants, theie is but one membiane, which is 
of a smnlai natuie to the intine 

The intine is the innermost layer, and appeals to be of the same 
nature and appeaiance in all pollen-giains It is usually smooth, 
^ely delicate, and tiansparent, and is composed of unchanged 
cellulose 

The i I tine is a haid thick resisting layer, and is liable to gieat 
\aii.ition , it IS sometimes smooth, at othei times marked with little 


Fio 381 Fm 382 Fm 3H3 



I-ig Isl ol tlif liiinlli^ ol "liUitii- ot / //// a tbc inut i 

stamens on the right ue longer than the othei^ in<l in provided witli 
anther^' the shortei stamen'^ aie goner ilh sterik —Fig 382 Teti t 

dynamons “tinirns of tlie W illfloner (Cfieitanthin (hein) Fig 383 

Didvnamon«< 't'nnni f>f tlip 1 <)\trlo\« ( /hnifah', / i/> puren) 

gianular piocesses, oi spin> piotubeiances {fiq 384), oi leticulations 
{fig 388) The natnie of these markings is always the same foi 
the pollen of any paiticular species oi vaiietj of plant, but vaiu 
much in that of different plants The extine is otten coteied b^ 
a viscid Ol oil} secution The colour of pollen giains is found in 
the cxtine In b\ fai the majority of cases thc\ aie yelloxt, but 
vaiious other coloiii-^ nu also occasionall> foniifl tin \ aie led in 
species of Verba^i /nn, lilur in some species ol / j black in 

the luhp, rarely gieen, and occasionally ol i whitish tint 

Besides the vaiious uuiikiiigs just dcsciibcd as rxisting on the 
extine, we find .d o i iihn /im { ikj 387) or sJif<} (//r/s ^85, /, and 
380,/), 01 both pou and slit-, v Inch \aiy in numbci and ariange- 
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ment in (litfeient plants In the gieatei nunibei of Monocotyltdons 
theie IS but ono slit , while thiee is a common iiumbei in Dicotyledons 
Sometimes tlieie aie six, laiely foui, still moit laiely two, and in 
some cases we tincl twehe oi more slits These slits aie generally 
stiaight {juj 385,/), but in Mimulus inosc/iatus they aie cuned 
Othei still moie complex aiiangements occasionally occui 


Fig 384 Fk 385 Fig 58() Fig 387 



/n Idlltij tjt liot k (]////<# ' III') /(/>">> 1 liiptic il pollen 

ot Milkwoit ( Lxtiiio s ''lits- 1 1*1 iS() 1 he ime pollen 

viewed trom ibo\< I i*i 387 Pollen cdl of D<n.hilis <jl nnn if<i ^tter 
lu^sjieu 


The poles, like the slits, vary in number \\ e commonlj hnd 
one in Monocotjledons, as in the Glasses , and thiee in Dicotj^ledons 
Sometimes, again, the poies aie \eiy numeiuiis ni which case they 
aie eithei iiiegulaily distiibuted, oi aiianged in a moie oi less 
legulai mannei The poies may be eithei simple, oi piovided with 
little liddike piocesses, as in the Passion Howei (rnj 388, o <> o) and 


Fig 388 

Fig 380 

' fbvbb 

- K- 

S' 

0 ^ 


Ik 3'H) 



/ K/ Jb8 Polkn of llic P\^-ion Ilow»i (/*«> ifh* 1h1oi< biU'iiui, o *> <> 

Lid like ])U)U'"«(> ! iq 1K9 Polkn ot tli' <,oniil nt tin ]Hiuxl ul 

*> (* 1 id like piOtt'iH' ol tilt ixtillt pltifunktl ll^ till piopi 

tion- / f ol tilt intine I rum u -la .to ln^un d ])ollt n of tlu 

I Viunwai. {(rnothei abUnut ) 


Golud (//(/ 380) These piocesses ( /n/ 38h, o o) an pu'^lud o't b\ 

( oiiesponding piojections of the intine / / wluii tin ]iolUn^iinu 
nates, hence such {lollt u giains 1 ki\< bitii (tiimd *>/<* i * /* x ft In 
I lit polh n gi t Ills ol oiiK ot tin Ills tht i \ l ii i is i \{» nub d 
on two subs to loiin two ( in ioun bliibhi liKi [)i ot nbt i am i s 
{fKI P)l) 

Th(‘ polli 11 ‘M uii Hie Usiialu liet in tin* btt uli nt tlie antlui 
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Sometimes, though rarely, they adheie to a gi eater or less extent 
to each othei We have gioups of foui in Penjjloca gtceca, eight 
in Inga anoniala, or some highei multiple of foui, as in many 
species of Acacia In the Onagi acccc, the pollen-giains aie loosely 
connected by long viscid filaments oi threads , while in the Orchid 
ocecc those of each pollen sac coheie togethei and form pollen 
masses, to which the name of jfoUima has been given (fig 392 , 7 ;) 
In the Asclepiadaccte somewhat similai masses occur (fig 393, 

Fig 391 



Fig 391 A Pollen gittiii of l‘icea eiceha, showing tommeuceuieiit of 
germination tr, w The wiugb 1 The large vegetative cell itb proto 
plasm Is contracted w', its nucleus , 2, 3, the two collapsed cells , 4 and 6, 
the stalk cell and generative cell not yet completely divided from one 
another b A little older grain, showing germination a little furthei 
advau< ed and the pollen-tube beginning to appear as an outgrowth of the 
large cell, 1 Lettering as before < More advanced stage, showing onl} 
upper part of the pollen-tube The generative cell, 6, has divided into 
two, each with a verj large nucleus x 240 After Strasburger 

p and 6) , but m the latter the whole surface of each pollen -mass is 
invested by a special covering By a caieful examination of these 
pollinia we find that they are formed of definite masses agglutinated 
together, and, when sepaiated, each of these masses is found to 
consist of four pollen-grains In the pollima of the Orchidacece we 
also find other peculiarities, each is prolonged downwards in the 
form of a stalk called the cavdtcle (fig 392, c), which adheres 
commonly at the period of dehiscence to one or two little glandular 
masses called lehnacula (figs 394, «, and 392, r, i) These are 


MOEPHOLOGY OF EEPBODUCTIVE ORGANS 188 


placed on the uppei surface of a little pi ejection called ihe rosielhtm, 
situated at the base of the anther 

Pollen-giains are tound of vaiious shapes The most common 
foims appeal to be the spheiical (Jig 384) and ovoid (Jig 385) , m 
other cases they aie polyhedial, as in Chicory (Cichoi mm Intybiis) 
and Sonthus paliibttts, or triangular with the angles lounded and 
enlaiged (trigonal), as in the Evening Primiose (CEnothera hiemns) 
and othei plants of the older Onagtaoeca (fig 390), or cubical as 
in Basella alba, or cylindrical as in Tradescantia vi'tgmica^ while 
in Zoster a they aie thiead-like oi of the form of a lengthened tube 
or a cylinder , other shapes also occui The form of the pollen is 
mateiially influenced by difteiences of diyness oi dampness The 



I u/ rolliiiu, /<, ot <i "pctics ot Olein's with tlitii c.uuliclt'', c, mlUeiiUK 
to tlio ittiimcuUi, / , / — Ft(/ d93 Tifetil ol i sjA^ues ot with 

the polUuia, p, adhering? to tlit 'r.tiguiu, <> b Pollen separateil 

J’tg 304 Uppei puit ot tlie flower ot an Orcliih, showing the pollinia 
idhtuiig to the colimiu by the ittumcula, a 


pollen-grains ot the Purple Loosestiife [Lgthfiim Saltcaria) and 
some species of Passion-flower are ovoid when diy, but when placed 
in watei they swell and become neaily globular Again, when 
spheiical pollen-giains are exposed to the air foi some time they 
fiequently assume a more or less ovoid form 

In size, pollen-grams vary from about to of an inch m 
diametei , then size, howevei, like then form, is liable to vary 
as they aie examined in a dry state oi in water 

d. The Gyncectum ot Pistil 

The gynapcmm, or pistil, consisting of a variable number of 
constituent spoiophylls, oi taipehy occupies the centie of the 
flower, the andrcecium axsd floral envelopes being arranged 
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around it when they are present , the floral envelopes alone 
surround it in the ordinal^ pistillate flower, while it stands 
alone when the flowei is pistillate and naked Its sporophylls 
are much moie frequently united together than those of the 
androecinm, so that a compound ovary is ot \ery common 
occurrence {fifjis 367, 397) 

Fio 395 Fig 390 Fig 397 



jtiy 396 Pistil o£ Pnmro^c (/'/ v/z/i/a/ w;, cuinposed ot btveial united 
carpels, and lienee termed compound and syncarpous There is but one 
style, which is turmounted by a capitate stigma — Ftrj 390 Simple 

pistil of Broom o Ovary < Style f btigma Fig 397 Compound 

sj ncarpous pistil of Tobacco (iVtcofmna t Thalcmius o Ovary 

s Style g Capitate stigma Fig 398 Vertical section of tlie ovary ot 

the Barberry (_lierheH$ vulgams)^ on the outside of wliich arc seen a stamen, 
dehiscing by two valves, and a petal o Ovary ov Ovules attached to a 

projection called the placenta, p st Sessile stigma Fig 399 Vertical 

section of the flower of the PsBony {Pceonia) Dorsal suture of the 
ovary vs Ventral suture 


When there is but one carpel, as m the Pea (p,g 406), Broom 
(Jig 396), and other members of the Leguminosce^ the pistil is said to 
hestmjple , when there is moie than one, it is described as compound^ 
whether they are distinct from each other, as m the Crowfoot 
(Jig 366), 01 combined into one body, asm the Tobacco (fig 397) and 
Primrose (fig. 367). 
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Each carpel consists typically of three parts 1st, of a hollow 
inferior portion called the ovary (Jiq 898, o), containing one 
or morfe little somewhat roundish or oval bodies called ovules (ov) 
or meqasj) 0 ) anqxa^ which are attached to a projection on the 
walls termed the j^lacenta^ p , 2nd, of an apical sticky portion 
called the shqma , 8id, of an elongated stalk rising fiom the 
ovary, and bearing the stigma This is called the style In 
some cases it is not developed, and the stigma is said to be 
sessile The terms o\aiy, style, and stigma aie applied m 


Fig 400 Fig 401 Fig 402 



Fig 408 Fig 404 



h<l IW A poitioii of the pibtil of Ditphne Laufeola o Summit of the 
ovary f Style teimmatcd by a stigma, > — A/jy 401 A portion of the 
pistil of /‘lanfago mu-atilijs o Summit the ov,ir> f Style s, * Bi- 
lateral stigma The above figures are trom Jussieu / tf/ 402 Pistil of 

the Periwinkle (Vtnea) o Ovary f Style s Hiiry stigma d Disc 
Fti/ 403 Ventral view of the pistil of Isopyy am hifet miium^ showing the 

double stigma Ftg 404 Pistil of Wheat ( 7 / liicum siUtvum) surrounded 

by three stamens vnd three squauiula^, sp Two feathery styles or stigmas 
arise from the top of the ovar> 


precisely the same sense, when speaking of a compound pistil in 
which the parts are completely united {Jigs 367, 395, 397), as 
m the case of a simple carpel The monocarpellary ovary has 
two sutures, one which corresponds to the union of the margins 
of the lamina of the carpellary leaf, and is turned towards the 
axis of the plant , and another which corresponds to the midrib of 
the lamina, nnd is directed towards the tloral envelopes or the 
circumference of the tlow’er, the former is called the vential 
(Jig 899, v«), the latter the dorsal J^ds) suture. 
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When the gyn»cium is lormed of but one carpel, as in the 
Broom {fig 396) and Pea {Jig 406), it is, as we have already 
seen, called aimple, and the terms oi pistil, and 

cat pH are then s;ynonymous, when there is moie than one 
carpel, the pistil or gynaecium is teimed totupoaad {Jigs 395 
and 410) In a compound pistil, again, the caipels may be 
eithei separate from each other, as m the Stonecrop {Jig 284) 
and Pheasant’b-e>e {Jig 410), or united into one body, as in 
the Primrose {Jig 395), Carnation {Jig 405), and Tobacco {fig, 
697) m the foimer case the pistil is said to be apocarpous, in 
the latter syncatpous The number of carpels of which the 
pistil 18 composed is expressed by a Gieck numeral prefixed to 


Fiu 105 



Fig 406 



/ 405 Ci'itil ot DnnifhKs Lat yopUyllU', 

on a t>talk v, callul tlu gjuophore 
below which tlu peduncle On tho 
top ot the ovary me two btyleb, tho 
face oi oaeh ot which iis traverbod liy 
i < ontnnioivs btigumtu sinfaee — 

1 ly 4Ub Pistil ot Lift tty/ us oiloiutus 
0 Ovaiy c Peibi^tent calyx On 
the top ot the oviiy is tlie style and 
btlgUKl, stiy 


the termination gijnoiis, and the Howei leceives coirespondmg 
names accordingly. A flower with one carpel is tuonogynous , 
with two, d^gynous , and so on. 

1 Apocarpous Pistil — An apocarpous pistil may consist of 
one or more carpels, and they may be arranged in various ways 
When there are but two, they are always placed opposite to 
each other , when there are more than two, and the number 
coincides with that of the sepals or petals, they are usually 
opposite to the latter , it is rare, however, to find tho carpels 
corresponding m number to the sepals or petals; they are 
generally fewer or more numerous. The carpels may either bo 
arranged m one whorl, as in the Stonecrop {fig, 284), or in 
several whoils alternating with each othei, oi the,> ma;y form 
a more or less spiral arrangement upon the thalamus 
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When an apocaipous pistil is thus found with seveial lows of 
carpels, the thalamus, instead of having a neaily flattened top, as is 
usually the case when the number of caipels is small, frequently 
assumes other foims, in the Magnolia and Tulip tree, it becomes 
cylindrical (fig 407) , in the Raspberry (fig 409, /) and Ilanunculub 
(fig 866) conical, in the Stiawberry (pg 408) hemispheiical , 
while in the Rose (fig 285, /) it is hollowed out like a cup, oi uin, 

and has the caipels arranged upon its inner surface These varying 
conditions of the thalamus necessarily lead to coi responding altera- 
tions in the mutual i elation of the different carpels which compose 
an apocaipous pistil, and modify veiy mateiially the appearance of 
dilfeient flowers 


Flo 107 Flo 408 Fio 409 



I'lij 4u7 Ceutiiil pirt of the llowti ul the lulip tiee ( Lt f loih ndt on fnlt/n 
Jefum) 1 Ir tlialamio, is uiore 01 less ( jluuhiLdl <,c Caipeh e,e 

Staiutiis hy 4U8 fetctioii ot tlie flower ot tlie f^tiavvbcny The 

thaliiuiub IS iiuiily huui'-phtrical,ainl beais a luiuibei of (separate carpelb on 
its upper poitiou — Inf 409 bet turn ol the ripe pistil of tlit Ka^pbtri>, 
showing tilt conit il th Uaimis, I 

2 Sifutaipom Piaiil — We have already seen, in speaking 
ot the tloral envelopes and andreeciiiin, that the ditieient parts 
of which these whorls are respectively composed may be distinct 
fiom each otliei, or more oi less united From the position ot 
the carpels with respect to one another, and from their nature, 
the latter are more frequently united than any other parts of the 
flower This union mav take place either partiaUy, or entirely, 
and it may commence at the summit, or at the base of the 
carpels In the former case, as m Xanthoxylon fraxinetirn 
(fig 411), the carpels are united by their stigmas only ; m Dic- 
tamnm Fraxinella (fig 427) the upper parts of their styles are 
united; while m the Labiatce (Jig 412, »), and most BoraginacecG 
(Jig. 413, cf), the whole of the styles are united. In all these 
cases the o\aries arc distinct, and in man,y Boragtnaeea- the 
stigmas also, but in all Lahiatce tire stigmas are distinct 
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It 18 far more usual to find the carpels united by their 
lower portions or ovaries, and this union also may take place 
to vaiious extents In the Rue (fig 414, ov) the union only 
takes place at the base of the ovaries, the upper parts remaining 
distinct, in which case the ovary is commonly desciibed as 
lohed In Dianthiia (fig 405) the ovaries aie completely 
united, the styles being distinct, while in the Primiose (fig 
367) the ovaries, styles, and stigmas are all united When two 
or more ovaries are thus completely united so as to form one 
body, the organ resulting from their union is called a compound 
or polycarpellai y ovary 

IiG 410 Fig 411 Fig 412 Fio 414 



Fig 41u Apocarpoub pibtil of the Pheasant’b e>e ( fig 411 

Pistil of Xanthoxylon futUneum supported on a gynophore, g Ihe 

ovanesi, o, and styleb are distinct, but the stigmas, *, are united Ftg 

412 Pibtil of Horehound {Mairuhtum vulgaie)^ a Labiate plant Its 
ovaries, Of , are distinct, the styles, \ being united, and the stigmas distinct 
Ftg 413 Pistil of Myosotts^ a Bomglnaceous plant ov Distinct ovaries 
tl United style's 

Polytaipellat y Oiatij — The compound ovary formed as 
just stated may either have as many cavities separated by par- 
titions as there are component carpels, or it may have only one 
cavity These differences have an important influence upon 
the attachment of the ovules, as will be seen later when speaking 
of placentation If we consider three free carpels placed as m 
fig. 415, ct, each of these possesses a single cavity corresponding 
to its ovary, so that if we make a tians^erse section of the 
whole (fig. 415, 6), we necessarily have thiee cavities, each of 
which IS separated from those adjoining it by two walls, one being 
formed by the side of its own ovary and the other by that of the 
one next to it But if these three carpels, instead of being 
distinct, are united by their ovaries, as m fig 416, a, so as to form 
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a single ovaiy, the latter must necessarily also have as many 
cavities as there are component carpels, fc, and each cavity must 
be sepal ated from those adiommg it by a wall which is called a 
dissepiment oi partition Each dissepiment must be also com- 
posed of the united sides of the U\o adjoining ovaries, and be 
consequently double 

In the normal ariangement of the paits of the ovaiy, it will 
necessaiily happen that the styles (when they aie distinct) must 
alteinate with the dissepiments, for as the fonnei aie prolongations 
of the apices of the blades of the caipellaiy leaves, while the latter 


Fig 415 Fig 41G 



Fig 414 Fio^^el ol tlie Rne {Ruta gjav€olens\ sho\Miig the ovaries, ov, united 

at their base^i Ftg 416 a Diagram of three carpels placed side bj' side, 

but not united h A transverse section of the ovaries of the same 

Fig 416 (t Diagram of three carpels united bv then ovaries, the 
styles and stigmas being free h A tran«ver«e section of the ovaries 
of the same 

aie foimed by the union of then margins, the dissepiments have the 
same lelations to the styles as the sides of the blade of a leaf have 
to its apex , that is, they must be placed light and left of them 

The cavities of the compound ovaiv are called cells or locuh, 
and such an ovary as that just described would be therefore 
termed thi ee- celled or triloculaiy as it is formed of three united 
ovaries All dissepiments which are not foimed by the united 
walls of adjoining o vanes are termed spurious oi false It 
follows, therefore, that a single carpel can have no true dissepi- 
ment, and IS hence, undei ordinary and noimal circumstances, 
unilocular or one-celled 

Fiom the preceding observations it follows that when ovaries 
which are placed side by side cohej|^, as in fig, 416, and form a 
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compound ovary, the dissepimentb must be vertical, and equal in 
number to the ovaries out of which that compound ovary is formed 
When a compound ovary is composed, howevei, of moie than one 
whoil of ovaries, placed in succession one over the otbei, as in the 
Pomegranate, horizontal tiue dissepiments may be foimed by the 
ovaiies of one whoil uniting by then bases with the apices of those 
placed below them (fiq 551) 

We have just obsened that all dissepiments aie said to be 
spurious except those which are foimed by the union of the walls of 
contiguous ovaiies, and it occasionally happens that such spurious 
dissepiments are foimed in the couise of giowth, by which the 
ovary acquiies an iiiegulai character These false dissepiments 


Fio 417 



Fin 418 Fio 419 


h’lG 420 




Fig 417 Tertical spction ol n poition of tht mature 
ovarv of Cmsm fhtu In, showing a nnoiber of tran^ 

verse spurious •lissepiment'^ {piDagmafa) Fig 

4 is Vertical section ol theoiari of the Wallfkiwei 
ov Ovules, each attached b> a stalk to the placenta 
cl Vertical spurious dissepiment called the le 
plum- Fig 419 Trans\ else section of the lo’wer 
part of the o\ar^ of the Thorn apple (Dn^ura Stra 
momum), showing that the o\ar\ is here tour celled 
Fiq 420 Transverse section of the same ovary at its 
upper port, showing that it is heie two celled 


commonly arise from pi ejections of the placentas inwards , less 
frequently by ingrowths from some othei parts of the walls of the 
ovaries Some of these are horizontal, and are called phiagmata^ 
as m Cassia fistula (fiq 417), wheie the ovaiy, aftei feitilisation, is 
divided by a number of tiansveise dissepiments, which aie ingrowths 
fiom its w’alls Others are vertical, as m Ciuciferous plants, where 
the dissepiment, called a leplum (fiq 418, cZ), is foimed from the 
placentas Another case is that of Datura Stramonium^ where the 
ovary is formed of two carpels, and is hence noimally two-celled , 
but, instead of lemaining biloculai, it becomes four-celled below 
(fig 419) from the formation of a spuiious vertical dissepiment. 

dissepiment does not extend to the top of the ovary, so that 
the upper portion of the latter is only two-celjed ( fig 420). In the 
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Gourd tube ( tig 548), also, spuiiou^ dissepimentb appear to be 
formed m tlie ovaiy in a vertical direction by projections from 
the placentas In the Flax, again ( fiq 421), spuiious incomplete 
^eltlcal dissepiments are foimed ih the o\aiy by projections 
fiom the doisal sutuies In the ovary of A^tiaqalus (fig 422), 
also, a spuiiouB dissepiment is toimed by a folding mwaids of the 
dorsal sutuie, while in those of OxyUopi^ and (fiq 423) a 

spuiious incomplete dissepiment is produced by a folding inwards ot 
the \entral sutuie 

It should be noticed that in our description of spuiious dis 
sepiments we have not confined oui attention to those ot compound 
o%aiies alone, but have also lefeiied to those of simple ovaries, m 
which they sometimes arise The spuiious dissepiments of Cassia 


Fid 421 


Fio 422 Fm 423 



Fm 421 Tlans^elst section of the ovfti\ of the Fld\ (/mum 
“horMiig five complete and true di’^-epiment's, and fi\e incomplete 

spurious dissepiments, h Fio 422 Transieise section of the mature 

ovarj of Astfaqalus, showing spurious dissepiment proceeding from the 
dorsal suture — -Ftq 423 Tiaimerse section of tlu matin e o\ar\ ot 


I^haca^ 


fistula, Astiaqalus, Phaca, and Ovyttopis aie all examples of such 
foi matrons in simple o vanes 

Polycaipellary ovaiie* containing onl> one ca\it;s are gene- 
rally consti noted in a mannei essentialh the same as those 
already described, except that the edges of the constituent 
caipels aie either not turned mwaids at all or not sufiBciently 
far to meet in the centre of the o^al^, so that all then cavities 
communicate in the centie Anovar\ formed in either of these 
ways IS uniloculai though compound, as in the Oichis (Jig 426) 
and Poppy ( fig 426) 

We turn now to examine in moie detail the separate paits 
of the carpellaiy sporophylls, which, we have seen, are the ovary, 
style, and stigma. 

1. The Ovary — The ovary, as already mentioned, may^ be 
simple ox comjpotmdy the latter yrben it is composed of two or more 
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ovaries combined togethei The terms simple pistil and simple 
ovaiy are not in all cases synonymous teiuis , a pistil is only 
said to be simple ( fiqs 396 and 406) when it is formed of but 
one carpel, the terms pistil and caipel being then mutually 
conveitible , but an o\ary is simple, as 311 st noticed, whethei it 
forms pait of a simple pistil, as in Leguminous plants geneially 
{fig 406), 01 of one of the carpels of an apocaipoiis but poly 
carpellary 01 compound pistil, as in the Stonecrop {fig 284) 

Geneially speaking, the ovaiy is sesnlc upon the thalamus, the 
carpellaiy Iea\es out of which it is foimed having no stalks In lare 
cases, howevei, the ovaiy is more 01 less elevated above the outer 
whoils, when it is said to be stalked 01 stipitate, as in Dictamnus 

Fio 421 Fio 425 Fi<r 426 



/’/<7 A24 Tian«(\erso «ettion of the one celled o\ 11 v of Wignonette ( Reseda) 
c llie lo^^c^ flattened portion oi o\ar\ ot one of the tlnee caipelsot which 

It iH formed pi One of the three pai letal placenta'^ Fiy 426 Tran^* 

verse «iection of tlie one celled ovai\ of an Orchis < The lo^^er portion 
or Ovarj of one of the three carpels of which it is formed, slightly infolded 

pi One of the three parietal placentas Fty 426 Tranisverse section 

of the ovar^ ot a species of Popp\ ov Ovules plac Placentas 
which in the \oung oiary nearly meet in the centre, and thus the ovar^ 
becomes almost many celled, but as the oiaiy progres^e^ In development 
it IS onl\ one celled 


Jiq 457,^) ULiidL Diantlnis (fiq 405,(7), this stalk has receued the 
name of qynoplioi e 

The o\aiy, whethei simple 01 compound, may be eithei united with 
the receptaculai tube 01 free from it In the foimer case, as m the 
Myitle {fig 273), itisinfeiim 01 adheient, and the calyx is superior ^ 
in the latter, asm Dictamnus (fig 427), it is superior or free, and the 
calyx is infer lor In some flowers the ovary is but paitially adherent 
to the receptacle, as m the species of Saxifrage {fig 428), m which case 
it is sometimes termed half-adheient 01 half inferior , and the calyx 
IS then said to be half-superior , the lattei terms aie, howevei, but 
laiely used, the ovaiy being geneially desciibed as lufenoi, whethei 
its adhesion to the receptacle be complete or only partially so, and 
vice versa 

Some doubt has been entertained in many cases as to the true nature 
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of the external tubular portion It has been regarded in some as 
part of the calyx , but in others, as in the Gooseberry, it is a hollowed 
receptacle, or thalamus, the true calyx springing from the top of the 
cup -shaped body, and the ovary being placed upon and adhering to 
the side of the latter This relationship is seen more clearly in such 
apparently inferior ovarips as those of the Rose (fig 429), where the 
thalamus, r, r, is certainly concave, and bears a number of carpels, 
o, 0 , on its inner walls A longitudinal section will at once show the 
difference , in the Rose we hnd a single cavity open at its summit, 
and its walls covered with distinct carpels The ovaries of the Rose 
are therefore superior or free 


Fict 427 


Fio 428 


Fro 429 




tig 427 Pi^-tilof Dicfumnus Ftcurtnella Tlu o\ary 
18 supported on a g>nopljore, g, and i8 <snperior 
Fig 428 Vertical section ot the flower of a Saxi- 
frage, bboiMiig the ovary partiall> adbereivt to 

the calyx Fig 429 Vertical section of the 

flower of the Rose i , t Concave thalamus, upon 
which are placed several carpel", o, o, each of 
which IS furnished with a style and stigma, a 

e, e Stamens Fig 430 Compound irregular 

mature ovary of Antu rhtntim 


The ovary vanes much in form and in the character of its surface 
when simple it is generally more or less inegular in form , but when 
compound it is commonly regular Exceptions to the regularity of 
compound ovaries are not infrequent , an example may be seen in 
Antirrhinum (fig 430) The compound ovary is generally more or 
less ovoid in form The outer surface may be either perfectly even 
or uniform, showing no trace of its internal divisions , or marked 
by longitudinal furrows extending from its base to the origin of 
the style and corresponding to the points of union of its constituent 
carpels When these furrows are deep, the ovary assumes a lobed 
appearance, and is described as one-, three-,, four-^ five-, 

or many-lobed, according to the niimber of its lobes. Sometimes 
VOL. I. ' o 
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we find, m addition to the furrows which correspond to the lines of 
union of the ovaries, others of a more superficial character which 
correspond to the dorsal sutures At the latter places, however, it is 
moie usual to find slight projections, which then give a somewhat 
angular appearance to the ovary 

When the ovary is compound, the number of carpels of which it 
IS composed may be ascertained in several ways When the styles 
(fig 416), or stigmas (fig 346), lemain distinct, their number 
generally corresponds to the number of the caipels It happens, 
however, occasionally that the styles aie themselves divided, as in 
JEuphoybia (fig 431), in which case they fail to indicate the numbei 
of carpels that are actually present This may then be determined 
by the furrows oi lobes on the external surface of the ovary, or the 
number of partitions or loculi which it contains, as these m nearly 
all cases coriespond in number to the caipels of which that ovary is 
composed 

Fig 431 


Fif/ 431 Pi'stillate flower of a species of Euphof bia, with three forked styles 
Ftg 432 Vertical section of the flower of the Stonecrop pi Placenta ot 
one of the ovaries, arising from the ventral suture 



Fig 432 



The term placenta is commonly applied to the more or less 
marked projection to which the ovule oi ovules are attached 
in the cavity of the ovary (jigs 398, p, and 432, pi) The 
placentas are variously distributed m the o\aries of different 
plants, but with very rare exceptions then position indicates 
the margin of the carpellary leaf or leaves The term placen- 
tation IS used to indicate the manner m which the placentas are 
distributed. 

a K%nd8 of Placentation , — In the monocarpellary ovary the 
placenta is usually situated along the ventral suture, or the 
Ime which corresponds to the union of the two margins of the 
blade of the carpellary leaf, out of which it is formed, such 
a placenta is therefore termed marginal (figs, 898, 399, and 
482 ). 

In compound ovaries we have three kinds of placentation • 
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namely, axilSf parietal, and free centi al The axile form occurs 
generally in compound many-celled ovaries The carpellary 
leaves are folded so completely that their edges meet in the 
centre, dividing the cavity of the ovary into as many loculi as 
there are carpels {figs 415 and 416) and forming a central axial 
column, from which the term axile is derued The placentas 
situated at their ventral sutures are arranged on the centre or 
axis, as m the Lily {fiq* 433) and Campanula {fig 434). In 
one Natural Order, the Carijophyllacece, the dissepiments or 
partitions formed by the mtuined walls are destioyedor absorbed 
during the growth of the ovary, so that the axial body of placentas 
appears free This constitutes a form oiftee central placenta- 
tion 

Fig 433 Fig 434 Fig 435 



1 Iff 433 Traiisverise isectioii ot tlie compound ovary ot the Lily The ovarv 

w three celled (tiilocular) The placentas, pU arc axile or central 

Fig 434 Transverse 'section ot the ovary of a species of Campanula The 
ovary is five celled or quimiuclocular, and the placeutatioii, pl^ axile 
Ftg 435 Trinsversc bection of the ovaiy of a species of Cactus Tlic 
ovary is one celled, and the placeiitation parietal 


In a compound one -celled ovary the principal foiin of 
placentation is the parietal The placentation is termed 
parietal when the ovules are attached to placentas placed 
either directly on the inner wall of the ovary, as in the 
Mignonette {fig 424, pi) and Cactus {fig 435), or upon mcom- 
plete dissepiments foimed, as already noticed, by the partially 
infolded margins, as in the species of Orchis {fig 425, pi) and 
{fi9 426, plac) In parietal placentation, the number of 
placentas corresponds to the number of carpels of which the 
ovary is formed, and their position to the edges of the carpellary 
leaves. 

In some cases the placenta is formed upon the axis or 
thalamus, and not upon the sporophylls at all. The thalamus 
in this case projects upwards with the ca\ity of the ovary The 
condition is seen, eg,, in the Pri^nulacece {fig 438). Like the 

o 2 
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condition in the Caryoj^hyllaGece^ this is known as free-central 
placentation To this point we shall return later 

Besides the regular kinds of placentation just described, it 
sometimes happens that the ovules are placed more or less 
irregularly m the cavity of the ovary In the Flowering Kush 
{fig 4B9) they covei the whole inner surface of the carpels 
except the midiibs, and the placentation is consequently 
described as superficial , m Ngmphtea^ the white Water-lily, 


Fig 436 Fig 437 


Fi(, 438 



Fig 439 



/•u/ \citual '-u tiou of fV/aViww hn 
sniumiCatyophylhatOi) o Ovuy p Irte 
central placenta q 0\ iiless s Styleb and 

stigm iS I'lq 437 Transverse section of 

the same with the two portions or sections 
•-eparated o Ovary p Placenta g tlvules 

s Stales and stigmas Irom Jussieu 

Fuj 438 Vertical section of the pistil of 
(’>clameiu i Sepals pi Free 
central placenta st Stvle jitig Stigma 
Fig 439 Vertical section of the flower of 
the Flowering Itiish {JiiUomiis HmhellatH'i)^ 
showing the inner surface of the ovaries 
covered all over w ith ovules 


they are attached all over the dissepiments , in Cahomha^ 
they arise from the dorsal suture, and m the Broom-rapes 
(Orobanche) from placentas placed within the margins of the 
ventral suture 

b. Origin of the Placenta . — The placenta is, in most cases 
at least, a cellular growth developed from the confluent 
margms of the carpels, or, more strictly speaking, from the 
confluent margins of the .blades of the carpellary leaves. 
In some cases the plaeei^^ extends along the whole hne of 
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union of the carpel (fig 431, pi ) , in others it may be confined 
to its base oi apex Each placenta is to be considered 
as composed of two halves, one half being formed by each 
margin of the carpel In simple ovaries the placenta is 
developed by a single carpel In compound many celled 
o\ aries the placentas are formed by the union of the mturned 
margins of the carpels at the centre of the ovary , while in 
compound one-celled ovaries presenting parietal placentation, 
each placenta is formed from the contiguous margins of two 
carpels which do not meet in the centre 

That in these forms of placentation the placentas are 
really developed from the margins of the carpels is proved 
m various ways In the first place, m regular kinds of 
placentation the placentas alwa;ys correspond to the lines of 
union of the margms of the carpel or caipels, and hence may 
naturally bo considered as formed from them , and, secondly, 
we fiequently find that m monstrosities oi abnormal growths, 
where the carpel is developed m a more or less flattened con- 
dition, a •placenta bearing ovules is formed upon each of the 
margms. 

The origin of the free central placenta is not always the 
same , we have already seen that there are two different types 
recognisable In the first, this also is a development froi»i 
the margins of the caipels. The caipels of which the compound 
ovary is formed originally meet in the centre and develop 
placentas from their margins in the same manner as m ordinary 
axilc placentation , subsequently the walls of the ovary grow 
more lapidly than the dissepiments, so that the connection 
between them is soon destroyed , and from this cause, and also 
fioin the great subsequent development of the placenta, the 
septa ultimately become almost or quite broken up, so that the 
placenta is left free from the cavity of the ovary This view is 
strengthened by the fact that in several of the Caryophyllac&cp 
we often find dissepiments m the joung ovary, and even traces 
of them at the lower part of the mature ovaiy , these are the 
remains of dissepiments which have become ruptured on account 
of the unequal development of the parts of the ovary The 
second type is illustrated by the Primrose and many other 
plants, which have a free central placenta , in these no traces 
of dissepiments can be found at any period of the growth of the 
ovary. Duchartre and others, who have traced the development 
of the ovary m the Prtmulacecey atate that the placenta is free 
m the centre from its earliest appearance, that it is originally a 
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little papilla on the apex of the thalamus, and that the walls of 
the future ovary grow up perfectly free, and ultimately enclose 
it. The formation of such a free central placenta cannot there- 
fore be well explained upon the marginal theory, as the carpels 
have never had any connection with it except at their bases 
Nor is it necessary to suppose that a placenta is essentially of 
foliar origin Since it has been established that the ovule is to 
be looked upon as the megasporangium of the flowering plant, it 
follows that it may be produced, as other sporangia are m some 
of the lower forms, either from the axis itself, or from foliar 


Fig 440 


Fig 441 Fig 442 


Fig 443 



Fig 440 Vertical sectjon of the flower of Jirmeiia The ovary is «een to 
contain only a single ovule suspendetl from a funicnlus or stalk The 

ovule 18 here said to be reclinate Fig 441 One of the carpels of the 

Strawberry with a lateral style Fig 442 Carpel of Alchemilla b. 

basilar style The stigma is capitate Fig 443 The carpophore, r, of a 

«pecies of Geranium with the rolled-back carpels, car 


outgrowths from it (sporophylls). The case of the Yew, already 
referred to, is another instance of axial origin, the ovule 
being here naked and terminal Other illustrations have been 
already given, and to them the case of the Plumhaqxnacece may 
be added In Armeria, a genus of that Natural Order, the 
ovary, which is composed of five carpels, surrounds a single 
ovule, which, rismg from the axis, is supported on a stalk which 
curves downwards at its apex, and suspends the ovule free 
m the centre of the cavity (Jig, 440) Here, therefore, the 
ovule and placenta are developments of the axis. 

From all that has now BSen stated, we may draw the follow- 
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mg conclusions, namely —that no single theory sufficiently 
accounts for the production of the placenta m all cases , but 
that the axile, parietal, and some forms of the free central 
placentation may be best explained on the foliar hypothesis , 
and that the formation of the free central placenta of the 
Pr%7nulaceee, SantalacecE^ and some other plants, can only be 
satisfactorily accounted for by considering the placenta as a 
production of the axis 

In the majority of instances, we find one kind of placentation 
occurring throughout all the plants of a particular Natuial Order 
The Scrophulariaceco, EricacecPy and Campanulace(e present us with 


Fio 444, 


Ficx 445 



Fig 444 Pistillate flower of one of tbe c Oalyx p^p Petals 

t Membranous expansion round the ovary o 0\ary with three styles 

s, each of which is twice forked Ftg 446 Ovary of the Castor-oil plant 

(Rtctnua communis), belonging to the Luphorbiaceap The styles in this 
case are once forked 


axile placentation , the PapaveracecD, ViolacecBt and CrucifercB with 
parietal , and the Caryophyllacece, Santalacece, and PrimulacecB 
with free central placentation In some Natural Orders the placent- 
ation IS not constant through all the genera 

2 The Style — The style usually arises from the geometrical 
summit of the ovary, of which it is a continuation in an upward 
direction, as in the Primrose (fig 396) it is then termed apical In 
other oases, the apex of the ovary becomes infiected towards the side 
or base, from the carpel or carpels of which it is formed being folded 
like ordinary leaves in reclinate vernation ; the style then becomes 
lateraly as in the Strawberry (fig, #41), or basilar^ as in AlchemxUa 
(fig, 442). In the two latter cases, therefore, the geometrical and 
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organic apices of the ovaiy do not coirespond, as the point of origin 
of the style always determines the lattei 

The style is generally directly continuous with the ovary, which 
gradually tapers upwards to it as m Digitalis , in such a case it is 
persistent, and forms a more oi less evident part of the fruit , in othei 
cases, however, there is a kind of articulation at the point where the 
style springs from the ovary, as in Sctrpus, and then the style always 
falls off after the process of fertilisation is completed It is then said 
to be deciduous, and has no connection with the fruit 

When the style is basilar or lateral, and the ovary to which it is 
attached more or less embedded in the thalamus, it frequently appears 

Fio 446 



Fig 446 Pistil of a species of Iru o Ovary »ty Petaloid styles alxg 

Stigmas Fig 447 Upper part of the style and stigma of LeschenaulUa 

fotmosa t Style i Collecting hairs 8 Stigma Fig 448 Upper part 

of the style, t, of a Composite plant, dividing into two branches, which are 
covered above by collecting hairs, pe 

to spring from the latter , such an arrangement is called a gynohase, 
and the ovary is said to be gynohasic The condition is seen in the 
LahiaUB (fig 412) and the Boraginacece (fig 418), the ovaries of 
which are free, but the styles, which spring from their bases, 
become connected and form a central column, which appears as if it 
were a prolongation of the thalamus 

Such an arrangement must not be confounded with that of the 
ovaries and styles of the species of Geranium (fig, 443), and some 
other plants, where the axis itself is prolonged in the form of a beak- 
like process, to which the ovaries and styles become united, and from 
vrhich they separate when the fruit is ripe. This prolongation of the 
thalamus is termed a carpophore (see page 146) 
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When the styles of a syncarpons pistil are distinct, they usually 
correspond to the number of carpels of which that pistil is composed 
It sometime happens, however, that the style of each carpel 
bifurcates oi becomes forked, as in some Euphorhiacece, either once 
(figs 430 and 445), or twice (fig 444) , in which case the apparent 
number of the styles is double or quadruple that of the carpels 

Form and Surface of the Style — In foim the style is generally 
more or less cylindiical , either tapering from the base to the apex, 
as lb geneially the case, oi becoming enlarged as it pioceeds upwaids 
In other cases the style is filifoim, or moVe or less thickened, oi 
angulai , and rarely thin, coloured, and flattened like a petal, as 

Fig 449 Fig 450 Fig 451. 





Ftq 449 Pistil of a Lily, with one stjleand a 

trilobate stigma fig 460 Lobed stigma 

of the Melon Ftq 451 Pistil of a species 

of Chrysanthemum, with one style and a 
bifid stigma, the divi'^ioiis with hairs at 
their extremities 



in the species of Ganna and Ins (fig 446), when it is said to be 
petalotd 

The surface of the style may be either smooth, or covered in 
various ways with hairs These hairs, when situated on the style, 
frequently serve the purpose of collecting the pollen, and are hence 
termed collecting hairs The collecting hairs on the style of the 
species of Campanula are retractile In the Composites the surface 
of the style is also more or less covered with stiff collecting hairs 
(fig 448, jpe), as the style is developed later than the stamens, it 
IS at first shorter than these organs, but as the growth proceeds it 
pushes itself through the syngenesious anthers, and thus the hairs 
on its surface come in contact with the pollen and become covered 
with it. In some of the Orders allied to the CompositsB, the hairs 
form a little ring below the stigma (fig 447, t) 
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3 The Stigma — The stigma is a rough, usually sticky area, 
situated in various positions above the ovary, but generally 
occupying its pointed apex In the case of a compound stigma, it 
usually shows rays or branches corresponding m number to the 
constituent carpels The roughness is due to projecting cells 
of its external layer, while the stickiness is caused by the 
secretion of honey 

The stigmas of a syncarpous pistil are geneially opposite to the 
cells, and alternate with' the dissepiments, but it sometimes happens, 
as in the Poppy, that half the stigma of one carpel unites with a 
similar half of that of the adjoining caipel, the lays thus formed 
are alternate with the cells, and opposite to the dissepiments, the 
latter being, howevei, impel feet {fig 426) 



Fig 452 Stigma, attached to style, ^ of Btqnoma mhoiea In the left- 
hand figure the lamellae are separate, in the other applied closely to 

each other Fig 463 Flower of a species of Burner^ shoiMiig fringed 

stigmas, pi 


We have already seen that the stigma may be separated from the 
ovary by the style {figs 395-397) , or the latter organ may be absent, 
in which case the stigma is said to be sessile, as m the Barberry 
{fig 398, st) and Poppy In Oichids the stigma is sessile on the 
gynostemium, and appears as a little cup-shaped viscid space just 
below the attachment of the pollen-masses 

In a syncarpous pistil the stigmas may be either united together, as 
in the Primrose {fig 395), or distinct, as in Campanula {fig 333) , in 
the latter case, instead of looking upon these separate parts as so 
many distinct stigmas, it is usual to describe them as if they were 
portions of but one, we then speak of the stigma as htfid, bifid, &c , or 
as bilobate, trilobate, &c , according to the number and character of 
its divisions. The term lobe is usually applied when the divisions 
are thick, as in the Lily (fig 442) and Melon {fig 450) , when these 
are flattened and somewhat strap-shaped, as in the CompositcB 
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(fig 541), the stigma \% fissured or cle}t , when flattened into plates 
or bands they are termed lamellce, as in Bignoma (fig 452) and 
Mimulus The number of these divisions in the majority of instances 
corresponds to the numbei of carpels of which the pistil is composed , 
and if the latter organ is many-celled, the number of cells generally 
corresponds also to the divisions of the stigma The five-cleft stigma 
of some Campanulas accordingly indicates that there are five cells 
to the ovary, and that the pistil is formed of five carpels In the 
O^aminacem (fig 404) and Compositce (fig^ 448 and 451), however, 
we have a bifid stigma, and but one cell m the ovaiy 

The lobes assume different appearances they may be smooth 
01 thick and fleshy, as in the Melon (fig 450), oi feathery, as in 
many Grasses (fig 404), or fringed or laciniate, as in the Dock 
(fig 453, pi) 

When the stigmas aie united, the numbei of paits m the 
compound stigma is usually indicated by ladiatmg fuiiows oi 


Fig 454 Fio 455 Fig 466 



Fig 464 < Peltate or shield shapel stigma surmounting the stjle, t, of a 

species of Ajbuti/<f Ftg 466 Pistil of Daphne o Ovar^ st SUlei 

sfig Stigma Fig 456 Pistil of Pansy ( I tola fricoloi ) cal Remains of 

calyx ov Ovary Vi/ Style, surmounted by an irregular hooded stigma 

giooves When the stigmas unite and form a compound body upon 
the top of the style, this compound stigma is said to be capitate 
In the Violet (fig, 456) the stigma piesents an iiiegulai hooded 
appearance 

The Flower-bud. iEsTivATioN or Pr^floration 

/ 

The mode in which the different parts of the flower are dis- 
posed in the flower-bud is termed their aestivation or praefio- 
ration. The terms used in describing apstivation refer especially 
to the relative positions of the component parts of the calyx and 
corolla, because the Stamens and carpels, from their peculiar 
forms, can give us no such arrangements of their parts as are 
exhibited by the more or less flatitenedfloial envelopes. 

In describing the varieties of sestivation, we ha\e to 
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include 1st, the disposition of each of the component parts of 
the floral envelopes, considered independently of the others , and 
2nd, the relation to one another of the several members of 
either of the floral envelopes taken as a whole With regard 
to the disposition of each of the component paits of the 
floral envelopes considered independently of the others, the 
same terms are used as m similar varieties of vernation, 
with the addition of the crumpled or corrugated form, 
which IS not found m the parts of the leaf-bud. This latter 
arrangement may be seen m the petals of the Poppy {Papaver) 
and Rock Rose (Hehanthemiim) , it derives its name from the 
parts being irregularly contracted into wrinkled folds 

With respect to the relation to one anothei of the sevoial 
members of eithei of the floral cm elopes taken as a whole, various 
aiTangements occur, all of which may be classified m two di\i- 
sions namely, the Circular or Valvate^ and the Imbricated 


Fia 457 Fig 458 Fig 459 Fig 4b0 



Fnj 467 Diagram to illustrate valvate a3stivation Fig 468 Diagram to 

illustrate induplicate {estivation Fig 469 Diagram to illustrate reiiii 

plicate aistivatioii Fig 460 Diagram to illustrate oontorteil or twistcil 

aestivation 

1 Varieties of Circular Mstwation, — We distinguish three 
well-maiked varieties of cncular aestivation, i c the valvate ^ in- 
duplicatcy and reduplicate. The valvate {fig 457) may be seen 
m the calyx of the Lime, and in that of Guazuma ulmifolia^ in 
this variety the component parts are flat or nearly so, and m 
contact by their margins throughout their whole length without 
any overlapping This variety of aestivation may be generally 
distinguished, even when the flowers are expanded, by the 
margins of its component parts bemg slightly thickened, or at all 
events not thinner than the rest of the organ ; whereas in all 
varieties of imbricated aestivation the overlapping margins are 
usually thinner, as may be well seen in the sepals of the species 
of Gerarmim, When the component sepals, or petals, instead 
of bemg flattened, aie folded inwards at the points where they 
come in contact (fig, 468), the aestivation is indniphcate^ as m 
the petals of Quazuma ulmifoUa^ and in the sepals of some 
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species of Clemahs, When the margins are turned outwards 
under the same circumstances (fig, 459), the aestivation is re- 
duplicat€i as in the sepals of the Hollyhock (AUhcea rosea) 
and some other plants of the Natural Order Malvacece y also in 
the petals of the Potato 

2 Varieties of Imbricated or Spiral Mstivaiion — We dis- 
tinguish five varieties of this kind of aestivation, i e the imhri- 
catcy convolutey qumcuncialy cochlear y and vexillarij The 
true imhncate aestivation, as seen for instance in the calyx of 
Camellia japomca (fig 461), is formed by the component parts 
o\erlapping each other more or less by their margins, like the tiles 
on the roof of a house Usually, when theie are five leaves 
in the floral whorl, one is overlapped on both margins, the next 
one IS completely external, and each of the other three overlaps 


Fig 461 Fig 462 Fio 463 Fig 464 



Fuj 461 Diagram to illustrate imbricate aestivation The figures, 1, 2, 3, 4, 

6, show that the successive parts are arranged in a spiral manner Fig ’ 

462 Diagram to illustrate quincuncial sestivation 1 and 2 are CKternal, 

4 and 6 luteinal, and 3 is partly external and partly internal Ftg 463 

Diagram to illustrate cochlear aestivation Ftg 464 Diagram to lUus- 

trate vexillary mstivation 1 and 2 form the alae oi wings, 3 and 5 the 
cariiia or keel, 4 the vexillum (See Papilionaceous Cotolla ) 

the leaf next it on one side and is overlapped by that next it on 
the other (fig 461). 

When one margin of each leaf overlaps the one next it, and 
the other margin is overlapped by the leaf on the other side of 
it, so that the whole whorl presents a more oi less twisted ap- 
pearance, the aestivation is contorted , if the overlapping is con- 
siderable, it 18 said to be convolutcy as m the corolla of the Mallow 
(fig. 460) When the parts of a floral whorl are five m number, and 
these arranged m such a manner that there are two parts placed 
on the outside, two inside, and the fifth overlapping one of the 
internal by one margin, while it is itself overlapped on its other 
margm by one of the external parts, the aestivation is said to be 
gmncuncial (fig. 462). Familiar examples of this form are 
afforded by the corolla of the Rose and the calyx of the Bind- 
weed (Convolvulus septum). In Sub kin4 of aestivation a spiral 
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arrangement of the paits is well seen, and is indicated in the 
diagram (Jig 462) by a dotted line The spiral cycle thus 
formed, which is the normal one m pentameroua or quinary 
flowers (those with the parts in fives), and which occurs in the 
majority of Dicotyledons, coriesponds to the pentastichouSf 
or Jive-ranked arrangement of leaves When, instead of the 
wholly internal leaf being next to the wholly external one, it is 
the next but one, a vaiiety of testivation occurs to which the name 
cochlear has been given (Jig 4bB) Familiar examples of this 
are afforded by the Snapdiagon (Antirrhinmn niajiia) and othei 
allied plants Another marked modification of imbricated sesti 
\ation occurs m the coiolla of the Pea and other Papilionaceous 
flowers, where the superior petal, which is generally the largest 
and IS called the vexillum^ is folded over the others which are 
arranged face 'to face (Jig 464). This kind of aestivation is 
commonly termed vexillary 

It frequently happens that the calyx and corolla exhibit different 
kinds of BBstivation ^ In Guazuma ulmifolia the calyx is valvate, 
and the corolla induplicate In plants of the Natural Order, Malvacece 
the calyx is valvate or shows some form of circular aestivation , 
and the corolla is twisted In the Corn Cockle (QitJmgo segettm), 
the species of St John’s Wort (Hypeiicum)^ the Geranium^ and 
many other plants, the calyx is quincuncial oi imbricate, and the 
coiolla twisted 

The kinds of sBstivation above described are always constant in 
the same species, and frequently throughout entiie genera and even 
Natural Ordeis, hence they are of gieat importance in systematic 
botany 

The term anthesis is sometimes used to indicate the period at 
which the fiower-bud opens 

Besides the definite and constant relations which the parts of the 
floral envelopes have to one another in the flower-bud, they have 
also a definite and constant relation in the same plant to the axis 
upon which they are placed In describing these positions we 
use the terms anterior^ posterior, and lateral We call that part 
posterior which is turned towards the axis , and that next the bract 
from the axil of which the flower arises, anterior When there are 
four leaves in a whorl, one will be anterior, one posterior, and two 
lateral, as in the sepals of the Wallflower If there are five we have 
two arrangements In the calyx of the order Legwminosce, two 
sepals are posterior, two lateral, and one anterior, while in the corolla 
one petal is posterior, two anterior, and two lateral (Jigs 803 and 
464) In plants of the order Bosacece we have a precisely contrary 
position exhibited by the parts of the two floral envelopes, here 
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we have two sepals anterior^ two lateral^ and one posterior , while 
in the corolla there are two petals posterior, two lateral, and one 
anterior 

The same definite relation with respect to the axis also holds 
good in many cases in the staminal and carpellary whorls, by 
which important distinctive characters are frequently obtained In 
floral diagrams it is usual to indicate the position of the axis upon 
which the flower is placed by a dot jflaced over the posteiioi part of 
the diagram 

Thl OvULk 

As the anther has been shown to be comparable to a sorus 
consisting of four or inoie sporangia, so we may regaid each 
placenta with its ovules as having a similai morphological value 
In the anther the sorus forms a single body, or si/nangium, while 
in the pistil the separate ovules oi megasporangia are free 
Some botanists, however, prefer to look upon the placenta as 
bearing a number of son instead of corresponding to a single 
one In their view each ovule coiresponds ^o a sorus of Azolla, 
which contains a single megasporangium , and the mdusium of 
the latter is represented by the integuments of the ovule The 
latter may, howevci, be a special protective coating for the ovule 
without being comparable to an mdusium, from which indeed 
they differ in being developed from the body of the sporangium,^ 
and not from the surface of the sporophyll 

An ovule consists of an ovoid body, which m section shows 
the parts represented in fig 469 There is a central mass of 
tissue which constitutes the bulk of the structure, and is called 
the nucelliis. This is surrounded by certain coats or integu- 
ments which grow up round it and enclose it, with the exception 
of a small canal or passage at the apex This passage is known 
as the imcropyle In the interior of the nucellus is a conspi- 
cuously large cell with thin walls, which is the mega spore or 
emhiyo-sac The megaspore never lies free in the interior of 
the sporangium, as do the microspores alieady described It 
IS always from the first surrounded closely by the tissue of 
the nucellus, and in its growth it absorbs the whole or a good 
deal of the lattei in some cases encroaching even upon the 
substance of the integuments. Sometimes more than one 
megaspore is produced, but this is unusual. Only one comes 
to maturity m such cases. 

The ovule is either attached directly to the placenta, when it is 
said to be sessile (fig 486, g) , or i^irectly by a stalk called the 
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funiculus or funicle (figs 418, ov, and 440), when it is described as 
stalked The point of attachment of the ovule to the placenta if 
sessile, or to the funiculus when stalked, is termed the hilum 

Some ovules, as those of the Mistletoe (fig, 466), consist 
simply of the nucellus, and its megaspore, c, as above de- 
scribed, m which case the nucellus is teimed naked (fig 465) , 
but in almost all plants it becomes enclosed m one or two 
coats In the Walnut there is but one coat, which appears at 
first as a little circular process around its base , this gradually 
increases in si/e, and by growing upwards ultimately forms a 
sheath or cellulai coat to the nucellus, which it entirely closes 
except at the apex, where a small opening may be always 
observed (fig 467, end) There is only one coat formed m 


Fi(» 4b5 Flo 460 Fio 467 Fici 468 



Ftg 466 Ovule of tlie Mistletoe ( Vtscum album), consisting ot a iiaketl 

nucellus I'lg 466 The same ovule cut vertically to show the enibryo- 

gac c, in the nucellus, n Ftfj 467 Ovule of the Walnut (Juglans legta) 

V Projecting end of the nucellus s Coat covering the nucellus except 

at the foramen, end Fig 468 Ovule of a species of Polygonum f End 

of ovule where it is attached to the placenta p Primine s beciiiidlne 
ex Exostome end Endostome n Projecting end of the nucellus 


the Compositce^ Campodfiulacece, L^hehacece, and some other 
orders 

In most plants, however, the ovule has two coats, in which 
case we observe two circular or annular processes around the 
base of the nucellus, the inner one being first developed , these 
processes continue to grow upwards as before described, until 
they also ultimately form two sheaths or coats, which entirely 
enclose the nucellus except at its apex (fig. 468). The inner 
coat 18 at first seen to project beyond the outer, but the latter 
ultimately reaches and encloses it. The inner coat is usually 
termed the secundme (figs, 468, s, and 469, c), and the outer the 
prmdne , some botanists prefer to follow the order of development 
of the coats, and consequently term the mner coat the prtmtne^ 
and the outer the secundd^ne, reversing the order of the names. 
Others, to prevent confufidon, more properly term the inner coat, 
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or secundine, the xnteyumentum %nt6rniim , and the outer coat, 
or primine, the tnteqiimentum externum. The orifice left at 
the apex of the nucellus, as in the former instance where only 
one coat is present, is called the rmcropyle The openings in 
the two coats commonly correspond to each other, but it is 
sometimes found convenient to distinguish them by distmct 
names , that of the outer is then called the exostome (fig 468, 
ex) , that of the inner, the endostome (end) 

In some cases a third coat is indicated, which grows up later 
from the base of the ovule and encloses it more or less loosely. 
This 18 known as an arilhis. It is generally associated more 
closely with the seed, in connection with which it will be 
discussed. 


Fm 469 


Fig 470 


Fig 471 



Fig 469 Section of an ovule (diagrammatic) a Nucellus b Embryo- 
sac c Inner coat d Outer coat e Micropyle / Obalaza g Funi- 
culus or funicle — —Ftg 470 Vertical section of the orthotropous ovule 
of Polygonum ch Cbalaza prtm Pnmine sec Secundine n Nu- 

cellUB s Embryo-sac m Micropyle Fig 471 Vertical section 

of a camp> lotropous ovule of Wallflower {Cheiranthus) f Funiculus 
ch Ohala/a p Pnmine s Secundine n Nucellus mic Micropyle 


The nucellus and its coat or coats are intimately connected 
at one point, called the chalaza (fiys 470, chy and 471, ch) , but 
at the other parts of the ovule they are more or less distmct. 
This chalaza is the point where the vessels pass from the pla- 
centa, or, when the ovule is stalked, from the funiculus, into the 
ovule, for the purpose of affording nourishment to it , it is 
generally mdioated by being coloured, and of a denser texture 
than the tissue by which it is surrounded. Through the micro- 
pyle the pollen-tube usually reaches the megaspore, as will be 
hereafter fully described. 

Relation of the Hilum, Chalaza, and Miobopyle to one 
ANOTHER. — When an ovule is first developed, the point of union 
of Its coats and nucellus, called ohalassa, is at the base or 
VOL. I, p 
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hilum, close to the placenta oi funiculus , in which case a 
straight line would pass from the micropyle through the axis of 
the nucellus and its coats to the hilum In laie instances this 
relation of parts is preseived throughout its development, as 
in the PolygonacciB {fig 470), when the ovule is termed ortho- 
tropousj atropous, or straight In such an ovule, therefore, the 
micropyle, w, is situated at its geometrical apex, or at the end 
farthest removed'from the hilum , while the chalaza, c/i, is placed 
at its base. 

In a second class of ovules the relative position of parts is 
exactly the reverse of that of orthotropous ones — hence such are 
called anatropous or inverted ovules This arises from greater 
growth on one side than the other, the body of the nucellus 
remaming straight It thus becomes completely inverted, so 
that the chalaza (fig 473, ch) is removed from the hilum, /i, to 
the geometrical apex of the ovule , the micropyle, /, being at 


Fio 472 



Fig 472 The camp>lotropus ovule of the Mallow in its different stages of 
development From Le Maoat In a the curvature is commencing, in h 
It 18 more evident, in c still more marked, and in d it is completal 
/ Faniculns p Pnmiiie » Secundine n End of nucellus er Exostome 
end Endostome 

the same time turned towards the hilum, h In anatropous 
ovules a connection is always maintained between the chalaza 
and the bilum by means of a vascular cord or ndge called the 
raphe (fig 473, r), which is the elongated funiculus adherent to 
the ovule. This raphe or cord of nutritive vessels passing from 
the placenta or funiculus, and by its expansion forming the 
chalaza, is generally situated in anatropous ovules on the side 
which is turned towards the j^centa or funiculus. Anatropous 
ovules are very common; examples maybe found in the Dande- 
lion (fig. 478), Apple, and Cucuipber. 

Besides the two kmds of ovules mentioned above, there is an- 
other kmd, more rarely met with, which is intermediate between 
the orthotropous and anatropous forms ; to it the term amphi- 
tropous has been applied. In this ovule, which is also called 
heierotropoua or transverset the hilum, /, is on one side, and 
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the micropyle, m, and chalaza, ch, are placed transversely to it 
{Jig 474), and therefore parallel to the placenta In this case 
the hilum is connected to the chalaza by a short raphe, r 

It sometimes happens, however, that the nucellus of the ovule, 
instead of being straight as in the above instances, becomes more 
or less curved. In the Wallflower {Jig 471), and other plants 
of the order to which it belongs, as well as in the Caryo- 
phyllacecB and many other orders, the apex of the ovule becomes 
gradually turned downwards towards its base, and is ultimately 
placed close to it, so that the whole nucellus is bent upon itself, 
and a line drawn from the micropyle, mic, through the axis of 
the nucellus, t?, and its coats, would describe a curve , hence 
such ovules are called campglotropous or curved In these 


Fig 473 



Ftg 473 Vertical pectiou of the auatropous ovule of the Dandelion 
h ITilum f Micropyle or foramen n Nucellus a Base of the nuceUust 

ch Chalaza ? Raphe J'tg 474 Longitudinal section of the amphL- 

tropoiis or trans^ erse ovule of Z^mna ^Funiculus n Nucellus 
p Pnmiiie sec Secundine * Embrvo-sac cA ('halaza ? Raphe 
rn Micropyle From Schleiden 


ovules, the chalaza, c/i, and hilum are close to each other as in 
oithotropous ones, but the micropyle, mtc, instead of being at 
the geometrical apex of the ovule, is brought down close to 
the hilum or base. The progressive development of the cam- 
pylotropous ovule is well seen in the Mallow, as represented 
in j^,g» 472, a, 6, c, d. This kind of ovule is evidently 
formed by one side of the nucellus developmg more extensively 
than the other, so that the micropyle is pushed round to the 
base. 

The ovules of Angi^permous plants are enclosed m an ovary 
(Jiff* 486). Those of the Gymnosperms, including the Oont/eroft 
Cycoidaeece^ and allied ordera,^ are always exposed without this 
covering. In CycoB they ai e situated on the margins of peculiarly 
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metamorphosed leaves , m the Conifer ce they are formed at 
the bases of indurated bracts or scales {fig, 475) , m Taxus they 
are borne at the ends of certain branches In some Angio- 
sperms the seeds become partially exposed m the course of the 
development of the ovary into the fruit, the apex of the ovary 
opening and disclosing them in its cavity This takes place in 
the Mignonette {fig, 509), Leontiie^ and Cuphea These must 
not be confused with Gymnospermous plants, in which the 
ovules are naked from their first formation 

Number and Position of the Ovulfs — a Number — The number 
of ovules m the ovary, or m each of its cells, vanes in different 
plants In the Polygonacece, Co^nposttce, Thymelacece, and Dipsacecs, 


¥m 475 Fig 476 



Fig 475 Bract or carpellary leaf, sc, of a species of Ptnus, bearing two naked 

ovules, ov, at its ba«e mic, Microp>)e or foramen Ftg 476 Vertical 

section of the fruit of a species of Rumex {Polygonaceoe) p Enlarged 
calyx surrounding the fruit The fruit contains a single erect orthotropous 
seed The position of the ovule in the ovi^ry is also described ns erect and 
orthotropous The embryo is inverted or ahtitropous 


the ovary contains but a solitary ovule, in the Umbelhfe7CB and 
Araltacea^ there is but one ovule in each cell When there is 
more than one ovule in the ovary, or in each of its cells, the number 
may be either few and easily counted, when the ovules are said to be 
de^tte, as in ^sculus (fig 480),— and the ovary or cell is then 
described as huyoulate^ tnovulatCy &o — or the ovules may be very 
jiumerous, when the ovary is mult%ovulate and the ovules indefimtey 
as in Ceraatium (fig 436, g), 

b. PonUm — The position of the ovules with regard to the 
cavity or cell in which they are placed is also liable to vary. 
When there is but one ovule, this may arise at the bottom of the 
ovary or cell and be directed towards the summit, as in Compositce 
and Polygonaeea (fig, 47Q, wfien it is said ta be erect ; it may be 
inserted at the summit of the ovary and be turned downwards^ as m 
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Hippurts {Jig 477), in which case it is pendulom , if it is attached a 
little above the base, and directed obliquely upwards, as m Parietarta 
(fig 478), it IS ascending , if, on the contrary, it arises a little below 
the summit, and is directed obliquely downwards, as in the Mezereon 
{fig 472) and Apricot, it is suspended , if from the side of the ovary, 
without turning upwards or downwards, as in Crassula, it is 
hcnizmital or peltate In some plants, as in Armeria {fig 440), 
the ovule is suspended from the end of a long funiculus arising 
from the base of the ovary , such an ovule is frequently termed 
reclinate 

In the cases mentioned the position of the ovule is usually con- 
stant, and hence this character assumes consideiable impoitance in 


Fig 477 Fig 478 Fig 479 Fig 480 



I'lg 477 \ertical section of the oviU> of the Mare’s laU (Htitpufis vul- 
(jaru) 0 Ovule, which IS inverse or pendulous, and auatropous s Base 

of the ‘'tyle / Funiculus ? Baphe c Ohala/a Ftg 478 Vertical 

section of the ovary of the Pellitory {Parwtnrm with a single 

ascending ovule The letters have the same references as in the last figure 
Ftg 470 Vertical section of the ovary of the Mezereon {Daphne Meze- 
7 eum\ containing a solitary suspended ovule The letters refer as before 

From Jussitu Ftg 480 Vertical section of a cell of the ovary of a spe 

cies of JSsculus containing two ovules, o, o, one of w Inch is ascending and 
the other suspended m, m The micropj le or foramen in the two ovules 
t Base of the stjle From Jussieu 

distinguishing genera, and even Natural Orders In the Compositce^ 
for instance, the solitary ovule is always erect , while in the allied 
orders, the Valermnacece and Dtpsacece, it is suspended or pendulous 
In the PolygonacecB {fig 476), the ovule, which springs from the axis, 
IS also always solitary and erect , and in the Thymelaceoe {fig 479) it 
IS suspended On the other hand, m some Natural Orders we find its 
position varying in different genera, although generally constant in 
the same genus , in the Bosacece, for instance, the genera Oeum and 
Alchemtlla have an ascending, while Poterium and Sangmsorba 
have a suspended ovule, and in Potentilla both are found In the 
Banunculacece also we find the ovule varying as regards its position 
When the ovary or cell has two ovules, these may be placed 
side by Bide at the same level aiM have the same direction, as in 



214 


MANUAL OF BOTANY 


Nuttalha, when they are said to be collate) al , oi they may be 
placed at different heights , if then they follow the same direction, 
they are said to be superposed , if not, one ovule may be ascending 
and the other suspended, as m JEsculus {fig 480) The position 
of the ovules in those cases where they are in defanite numbers is 
also usually constant and regulai , and similar terms are employed , 
but when the number of ovules in the ovary oi cell is indefinite, the 
relations are less constant, and depend in a great measure upon 
the shape of the cell and the size of the placentas In the long 
ovaries of many of the Legumtnosce and Crucifene (fig 417), the 
ovules aie superposed, and, not crowding each othei, they are all 
turned in the same direction In other cases the ovules aie numerous, 
and having been developed in a small space, they necessarily press 
against each other, and acquire iiiegular forms and varying positions 
according to the direction of the pressure In describing these 
varying positions the same terms aie used as those referred to 
when speaking of the relations of the solitary ovule These teims 
are also applied in the same sense to the relations of the seed in the 
pencarp 


Seciion III 

SEXUAL REPRODUCTIVE ORGANS 

Our study of the reproductive processes of plants so far has 
been confined to the sporophijte and its asexual colls the spores ; 
we must now turn to the alternate phase or form of the plant, 
the qaTnetopTiyte, and its sexual cells the gametes These can 
give rise to a new individual only after coalescence in pairs 
The process of their coalescence is known as conjugahon when 
the two gametes are indistinguishable from each other, or 
fertilisation when they are not alike. The body formed by the 
coalescence is called a zygote. These sexual cells never arise 
on the sporophyte, but on the other phase of the plant, the 
gametophyte. The latter, in some of the Algie and Fungi, 
bears gonidia or asexual cells as well, the structure and mode 
of origin of which present no features different from those 
already described 

The phase of the plant which we have called the gameto- 
phyte 18 seen most prominently in the lower forms, diminishing 
m size and degree of differentiation as we ascend the scale. 
The sporophyte can be recognised in only a few of the Algae 
and Fungi, is of nearly the same dimensions as the gametophyte 
m the Mosses, and above this group assumes a preponderance 
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and becomes the conspicuous form of the plant, while the 
gametophyte dwindles almost to the point of suppression. 

In the Algae the gametophyte may be filiform, or take the 
form of a plate of cells, or assume large dimensions, showing 
much morphological differentiation Often in this group the 
sporophyte cannot be recognised at all Where asexual cells 
occur in such cases, they are gonidia, and are developed upon 
the gametophyte Instances of the occurrence of the sporophyte 
among the Algae are afforded doubtfully by certain of the cysto- 
carps m the Red Seaweeds, and more certainly in some of the 
CJilotophycece (Coleochcete) by a small multicellular body 
developed from the zygote, the cells of which all give rise to 
zoospores 

In the Fungi the gametophyte is always the prominent form. 
It beais both gonidia and gametes, but the latter in some cases 
are not functional The parasitic habit of life of many of 
these plants is attended by a general degradation of both form 
and structure, which especially marks the repioductive organs 
In some cases the production of sexual cells by the gametophyte 
has disappeared Such a gametophyte is called a potential one 
Its tiue nature can be recognised only by a compaiison with 
other forms which bear both kmds of reproductive cells The 
sporophyte can be seen m such forms as Mucor {fig 487), where 
the zygote on germmation produces a small promycelium, an^^ 
doubtfully in certain Ascomycetes, where it may be represented 
by the ascocarp. A very rudimentary condition of it is shown 
by Cy stop US {fig, 489), where the zygote pioduces a number of 
zoospores after a peiiod of rest 

In the Mosses and their allies the gametophyte is still the 
prominent form, the sporophyte being represented by the 
complex sporogonium. Above the gioup of the Thallophyta, 
the nature of any phase of the plant body can be recognised by 
tracing its origin The gametophyte is always the product of 
the germmation of the spore, and where it has undergone much 
reduction this is the only clue to its identity. In the series of 
forms above the Ferns we find cases m which it becomes more 
and more closely attached to the spoie, ultunately being alto- 
gether enclosed m it. 

Those plants which are heterosporous exhibit two forms of 
gametophyte, one developed from the miorospore, the other from 
the megaspore both ore inconspicuous. 

In the isosporous or homosporous Ferns and m the Horse- 
tails the gametophyte is always^thalloid. In the former group 



216 


MANUAL OF BOTANY 


each gametophyte usually produces gametes winch are female 
and others which are male, the former developed m organs called 
archegoma^ and the latter in others known as mit}ier%d%a ^ m 
the Horsetails it generally gives rise to one or the other, but 
not to both We have thus m the Horsetails potential though 
not actual heterospory In the heterosporous Ferns the relative 
development of the two fonns of gametophyte becomes unequal, 

and this diffeienco may be 


Fig 481 



seen throughout the higher 
plants In Salvima the male 
gametophyte is a small 
tubular structure, produced 
by the outgrowth of the 
inner coat of the spore It 
forms at its apex an antheri- 
dmm consisting of an incom- 
plete wall and two internal 
cells, each of which gives rise 
to two antherozoid^s or male 
gametes In Marsilea and 
Selaginella the microspore 
gives rise to a small, some- 
what oval, multicellular body, 
which produces antherozoids 
in its internal cells 

The female gametophyte 
also shows a gradual de- 
generation In Salvima the 
megaspore bursts at its apex 
(Jig 481), and the prothaUimn 


Ftg 481 Gametophyte produced by the 
mcgaapore of Saltinia pro 3?rothallium 
bearing a, young sporophyte After 
FnngBbeim 


18 developed as a curiously 
shaped green body, the 
greater part of which rernams 


within the spore. The free 
part bears the archegonia. In Selagvnella and Isoetes the 
development is still more markedly endosporous. The prothal- 
lium 18 developed inside the megaspore (fig, 482), which does 
not open till the former is well advanced , in some cases, 
indeed, until the archegonia are mature and the oospheres, or 
female gametes which they contain, are ready for fertilisation. 

The Phanerogams, whose sporophytes .have been treated of 
at considerable length m the precedmg pages, have, as we have 
seen, two kinds of spore, the pollen irrains or microspores and 
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the embryo-sacs or megaspores Each kind pioduces its appro- 
priate gametophyte. The pollen grain gives use on germmation 
to a tubular structure something like that of Salmmay but it 
does not bear an antheridmm Two gametes are produced m 
each tube which are altogether undifferentiated except in three 
species of Gymnosperms {Cycas^ Zamta^ and Gvrikgo) 

The embryo-sac or megaspore, on germination, produces a 
gametophyte m its interior This is a further development of 
the process of endosporous formation of the prothallium which 
we have seen indicated in Salvima and Selaginella The 
germination of the megaspore takes place in the interior of the 


Fig 482 



Pig 482 Germination of megaspore of Selagiwlla After Pfeffer 
arch Archegonlum ern^etn} Young cinbr\ os oos Unfertilised oosphere 

Sporangium or ovule, from which, indeed, it is never set free. 
In the Gymnosperms the gametophyte consists of a large 
number of cells ; while its morphological nature was not under- 
stood, it received the name endosperm^ which still contmues to 
be apphed to it (fig* 483) In the Angiosperms it is very much 
reduced, consisting, when mature, of only a few cells or masses 
of protoplasm, some of which have no cell- wall (Jig, 484). In 
the Gymnospenns the archegoma, usually several in number, 
are well developed, and are much like those of Selagtnella, 
In the Angiosperms there is no archegomum, and a single 
oosphere lies free in the cavity ct the spore (fig* 484, oc#), being 


218 


MANUAL OF BOTANY 


hardly distinguishable from the other cells which are near 
it. After fertilisation in these plants, the garnetophyte under- 
goes a further development, the cavity of the spore becoming 
filled by a tissue bearing the name of endosperm* This is, how- 
ever, not morphologically comparable to the tissue bearing 
the same name in the Oymnosperms, which is developed before 
differentiation of the sexual cells, and is morphologically the 

Fig 483 Fig 484 



Fig 483 Megasporauglum (ovule) of Finm at matunty After Dodel Port 
meg Megasporc end Ganietopbvte or prothallmni aich ArcUegonia 
p a Pollen-gram or microspore, which has been transported to the mlcro- 
pyle of the ovule and has put out its prothallium, the pollen-tube, t 
Fig 484 Megasporangium (ovale) of an Augiosperm meg Megasporc 
00 $ Oosphere pt Pollen-tube 

same structure as the prothallium of the higher Cryptogams. 
Its exact nature is for the present undetermined. 

The Gametes, 

In the lowliest Algae the gametes are not very different in 
appearance from the zoogomdia which the same plants produce, 
and are liberated in large numbers from the cells m which they 
ongmate (fig, 486)* They are somewhat pear-shaped masses of 
protoplasm, without any protective coat, and are motile by 
means of two long tails or flagella of protoplasm, which spring 
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from the narrow end of each mass. There is no difference 
between the gametes of such plants, which are consequently 
called %8ogayrwu8 In certain other isogamous Algae (jig 486) 
the gametes are produced singly in each cell, and are then of 
greater dimensions, 
and are not furnished 
with flagella These 
are not discharged into 
the water, as are the 
flagellate ones The 
body arising from the 
fusion of the gametes 
of isogamous plants at 
once secretes round 
itself a delicate cell- 
wall, and IS called a 
zygospore 

In others of the 
Algse the gametes begin to show a greater degree of differentia- 
tion In* some species of Ectocarpua^ though they are exter- 
nally similar, certain of them come to rest much earlier than 
the others In Cutlet ta they are of two sizes ; they all swim 
Fig 486 



Fig 486 Ooujugatiou in Spirogyia Two fUameiits are lying sule by side, 
and from cells opposite to each other protuberances are growing out to 
meet a, a} Each produces a gamete, b When the protubertUices have 
met aud fused, one gamete passes over and unites with the other, c 
d Adult zygospore 

about on their being liberated from the plant, but the larger 
soon come to rest, while the smaller maintain their power of 
motion much longer. In this plant the gametes of different 
dimensions are developed m receptacles or gametangia of 
different form The more actiife ones are held to be male ; 


Fig 485 



lug 486 Part of a filament of Uloth) ix from winch 
the gametes,* gr, are escaping g^ Free gamete 
p* Gametes conjugating 
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those which soonest lose then motility, female Plants with 
such gametes are called heterogamous 


Fig 487 



tin 487 Conjugation lu Mu 
mlo h Two liyphae which have 
come into contact at their apices, 
and each has cut off from itself a 
cell zyg Zygospore resulting from 
the fusion of these cells zyg'^ 
Adult zygospore after germination 
p Promyceiium beanng a sporan- 
gium, zp 


In the lowliest Fungi, such as 
Mucoi , we have gametes produced 
on special branches of the myce- 
lium {fiq 487) These are un- 
difterentiated masses of proto- 
plasm which are never set free, 
but coalesce m consequence of 
the fusion of the cells in which 
they are formed 

In plants which are higher m 
the scale than those mentioned 
we find two kinds of gametes 
distinctly recognisable, which are 
truly male and female 

The male gamete in the Cryp- 
togams which live under such 
conditions that the coalescence of 
the sexual cells is brought about 
through the medium of water is 
generally a free -swimming piece 
of protoplasm, furnished with cilia 
or flagella hke those of the gametes 
of isogamous plants {fi(f 488) 
The shape is usually clavate or 
filamentous, and with very few 
exceptions these gametes have 
no cell wall They are known 
as antherozoids In most Bed 



Seaweeds they have no ciha, and become clothed with a cell- 
wall after their liberation from the gametophyte. In certam of 
the Fungi, ^specially the Lichens, similar bodies occur, which 
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always have a cell- wall. Both these are frequently called 
spermaiia, to distinguish them from the motile forms There 
IS some doubt as to the true nature of the spermatia in the latter 
group, many botanists inclining to the view that they are gonidia, 
and not gametes 

Throughout the gioups of the Mosses and Vascular Crypto- 
gams the ciliated anthero/oid is always found (fig 488). It is 
known to occur also in a few genera of the Gymnosperms, 
CycaSj Zatma^ and GtnTcgo 

Fio 489 



ttg 489- A Branched mycelium of Cpstopus with >oung oogonia, og^ og 
B Portion of mycelium bearing oogonium, og^ with the oosphere, 09 , and 
antheridium or poUinodium, an c Mature oogonium, with o«, the 
oospore d Mature oospore E, f Formation of swarm-spores or zoo- 
spores, G, from the oospores <, i Protruded endospore After De Bary 

In other forms m which the coalescence does not take 
place by means of water, the male gamete is only a mass of 
undifferentiated protoplasm, usually of very small size. It 
never escapes from the seat of its formation until conditions 
are such as to enable it at once to coalesce with the female 
gamete. This form is found in many Fungi, such as Cyaiopus^ 
and in all the Phanerogams with the exceptions already men- 
tioned. It 18 always naked, never having a cell- wall apart from 
that of the cell m which it is formed (fiy, 489). 

The female gamete does noC^how so much vanation. Its 
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typical form is that of an ovoid or spheiical mass of protoplasm 
without cell- wall or cilia, and it is termed an oosphere It may 
escape from the gametophyte, as m Fucus {figs 495 and 496) , 
or it may remain where it is formed, and become fused there 
with the male gamete, which reaches it m vaiious ways, as will 
be described latei In the Bed Seaweeds it is not differentiated 
at any time 

The product of the coalescence of differentiated dissimilar 
gametes is termed an oospore It immediately clothes itself 
with a cell- wall Both zygospoies and oospores are sometimes 
termed zygotes. 

The Gametangia 

As the structures m which the spores are produced are called 
generally sporangia, so the term gametangia may be applied to 
those bodies m which the gametes are formed 

In isogamous plants the gametangia, like the gametes, are 
indistinguishable fiom each othei. In most cases the gametan- 
gium 18 a single cell of the filament, showing no difference from 
any of the other cells Sometimes the contents of the garnet - 
angium divide up into a large number of gametes {hq 485) , in 
other cases the whole of its protoplasm becomes rounded up 
into a single one {fig 486). ^ 

A similar absence of differentiation marks the gametangia 
of some of the hoterogamous forms. Usually, however, those 
which give rise to antherozoids are very diffeient from those 
which produce oospheres. The former are generally called 
antherid/ia, the latter oogoma or archejgoma^ the last named 
being the most complex m structure 

The antheridmm is usually a somewhat ovoid body, composed 
of several cells , it is often stalked, and in some cases furnished 
with a kind of lid. In Chara it is globular and of very complex 
structure In the lower plants it is unicellular in many cases, 
and may then produce a single antherozoid. In certain of 
the Fungi it takes the form of a somewhat club-shaped branch 
of the mycelium, and is called a pollvnodium (fig, 489, an) 
In Salvmta it is the apex of a tube-like outgrowth from the 
microspore. In the Angiosperms, where again the gametophyte 
springing from the microspore is a long tubular outgrowth, the 
anthendium is not differentiated. 

The gametangium produemg the oospheres is m some cases an 
oogonium, in others an archegonium. The former is unicellular, 
and may, as in Volvox^ be hardly distinguishable fwm any 



MORPHOLOGY OF REPRODUCTIVE ORGANS 228 


other cell of the plant In other cases it is an ovoid or spherical 
body, often mounted on a stalk. It usually produces one 
oosphere, and this often remains m it until fertilisation In Fucu8 
{figs 493-496) it contains eight oospheres which are released 
by a rupture of the oogonium wall, and come into contact with 
the antheiozoids after their escape. In Char a {fig 490, s) the 
oogonium is surrounded by an investment of cells which enclose 
it, except at the apex 


Fio 490 



Fxq 490 A Portion of the axis of Chaia 
fragxli% s Nucule or oogonium a Globule 
or antheridium b Internode c Crown or 
coiona of nucule p Abortive leaves /3', 
Sterile leaflets b sk Nucule, and a, 
globule, both in an early stage of develop- 
ment w Nodal cell of leaf u Union cell 
between it and basal node of globule I 
Cavity of internode of leaf br Cells of leaf 

covered with cortex After Sachs Fig 

491 A portion of a filament, of jflp 492, 
in the cells of which the antherozoids are 
developed , with a 2 ciliated antherozoid by 
its side — Ftg 492 A globule cut in half 
to show the oblong cells or manubria, c, and 
the separate filaments,^/ After Henfrey 


Flfr 491 



Fig 492 



In plants above the Thallophytes the female gametangium 
is an arohegomum. It is multicellular, and consists of a swollen 
basal portion or venter contammg the oosphere, and surmounted 
by a neck or narrow portion, the length of which vanes m 
different groups of plants {fig, 497). 

A good deal of difference m ci^^pleteness of differentiation 
of the gametangium is found in different groups. Its reduction 
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reaches its greatest extent in the Angiosperms, where the 
archegomum is apparently unrepresented, or represented only 
by the oospheie, the latter being one of the few cells to which 



Fig 495 



Fig 493 Yertical section of a female conoeptacle of Fucm teaiculotua 

coQtaimogr oogonia and paraph} ses After Thuret Fig 494 

Anth^dia, a, a, on the branched hairs of the male conceptaole 

AfterThnret Fig 495 Oogonium with the oospheres fully differeu- 

tiated and disengaging themselyes from their ooverings After Thuret 

Fig 496 An oosphere sniroanded by a number of anthero/oids, one of 

which nltimately fuses with it 


the gametophyte is reduced, all of which ho in the inside of the 
megaspore. In such Fungi as possess an oogonium (fig, 489, og) 
it IS rudimentary, and consists only of a swollen head at the 
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end of a special branch, from which frequently both oogomum 
and poUmodium arise. 

In the Red Seaweeds the female organ, as we have seen, 
contains no differentiated oosphere It is a unicellular or multi- 
cellular structure known as a 'proca'tp (fig 498, pr), and consists 
of a slightly swollen basal portion, prolonged upwaids into a hla- 
ment called the irtclmgynCf which is the pait which fuses with 
the spermatium m fertilisation The procarp does not open, but 
when the spermatium comes into contact with the tiichogyne, 
the paits of the cell- walls which are touching become absorbed, 

Fio 497 



tig 497 ArchiKoniMHi oi Liverwort (J/fO 
chauHa) n Ncik oos Oospliere n An 

therozoid's Fuj 198 Proc irp of one of the 

RkI Seiiwecds Trichogjue sp bptr- 
inatia After Kii} 

and the contents of the spermatium pass into the piocaip through 
the opening A somewhat similar arrangement is described 
for certain of the Fungi, where it is called an atclncarp 

The position of the gaiuetangia varies in different plants , 
m some they may occur on any part of the plant body, which 
gives no indication of special differentiation with a view to their 
occurrence; in others, particularly those whose gametophyte 
shows complexity of structure, they are confined to particular 
portions which are modified in a way that suggests the sporo- 
phore or inflorescence of the difforentiated sporophyte. The 
greatest specialisation is shown in certain of the thalloid 
VOL. I. Q 


Fig 498 
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Liverwoits {figs 499 and 600), where both antheridia and 
archegonia are borne upon special erect branches of the thallus. 
These differ in form . the antheridial receptacle is a body with 
a flattened head, on the upper surface of which the antheridia 
are placed in naiiow pit -like depressions , the archegonia occur 
on the under side of a similar vertical receptacle, which shows 
radiating rib-like blanches spreading out from the axis The 
archegonia aie here surrounded by modified leaves constituting 
the jperichcetmm A less evident specialisation is seen in the 
Mosses and Ferns Generally in the former, both antheridia 
and archegonia occupy the summit of special leaf-crowned 
branches, and are surrounded by hairs of cuiious form known 


Fig 499 


Fig 500 




Ftq 409 Portion of the thallus of Mar- 

(hantia fjtinii}? aiitheridul branch 

Fi{/ 500 Arclit^fonial braiiC/h of Mat 
chantia pc rericliaetium 


0.8 jmrajjhyses {fig 501) In the latter the sexual organs are 
generally confined to a thickened poition of the pro thallium, 
extending centrally along the under side and known as the 
cushion 

In such of the Algas as show a differentiation of their body, 
simulating stem and leaf, the gametangia are borne upon those 
portions which resemble the latter. In Fucus and its allies, m 
which the plant body is a thalloid shoot, there are special ter- 
minal collections of them, each being formed of a number of 
almost closed depressions or pits, known as conceptacles {figs. 6 
and 49d), In some species each conceptacle contains both 
antheridia and oogoma, in others only one or the other kmd. 

In consequence of the generally slight morphological differ- 
entiation of the gametophyte as compared with the sporophyte, 
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we find a somewhat diflferent distribution of the reproductive 
organs in the two cases. As we have seen, the sporangia are 
usually borne upon leaves which may be highly specialised or 
may be almost indistinguishable from the foliage leaves. The 
occurrence of axial sporangia is much less common, though, as 
we have seen, it is met with m many very diverse groups On 
the other hand, the gamctangia are much more generally axial 
in origin, rarely being found on leaves, and then on those which 
are not highly specialised 

In the Mosses and Ferns and their allies the sporophyte is 
at its origination always attached to the gametophyte, m con- 


Fig 501 



/ lU 501 Vertical seotiou througli apex of male plant of a Moss, Mnium hot num 
( X 40) an Autheridia pat Paraphyses 

bequonce of the zygote geiminating without being set fiee from 
the archegonium. The spore is, however, always detached from 
the sporophyte before germination. This is not the case in the 
Phanerogams, where, from the mode of its development, the 
megaspore always remains in the sporangium The imciospore 
in these plants is, on the other hand, always set fiee 

As wo have thus cases in which the gametophyte, which 
bears the female cell, is developed m the spore while the latter 
remains m the sporangium, and others m which the spore escapes 
before the gametophyte arises fronjfc^it, we find two methods of 
fertilisation which are characteristic of those respective groups. 

Qd 
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Where the spore produces the gainetophyte after liberation 
from the sporangium, fertilisation takes place by a free-swimmmg 
antherozoid making its way to an archegonium, down the neck 
of which it passes to the oosphere Where the megaspore 
remains attached to the plant its prothallium or gainetophyte is 
inaccessible to antherozoids, and these are theiefore not de- 
veloped The microspore is carried by various agencies to the 
tissue either of the megasporangium itself as m the Gymno- 
sperms, or to the sporophyll or carpel which bears the rnega- 
sporangiuiu (ovule) as m the Angiosperms. The prothallium 
produced from the microspore, which we have seen is a long 
tubular outgrowth known as the pollen-tube, bores its way 
through the tissue on which it finds itself and makes its way 
into the interior of the megaspore, now containing its gameto- 
phyte (figs 483 and 484, jp O* The male gamete fuses with 
the oospheie, forming a zygote, as in other cases As usual, 
the latter surrounds itself with a cell-wall In the Angiosperms 
it very shortly afterwards divides mto two cells, of which the 
upper one becomes the suspensoTf consisting of a chain of cells 
in consequence of lepeated transverse diMsions The lowei 
develops into the embryo or young sporophyte. In the Gymno- 
sperms the suspensor and the embryo are produced somewhat 
similarly, but from only part of the zygote The embryo, after 
a short period of active growth, becomes quiescent and remains 
inside the spore for a considerable period. The megaspore, 
still enclosed in its sporangium, now contains the gainetophyte 
and the young sporophyte to which the latter has given rise, 
and constitutes the body which is called the seed No furthei 
development takes place until the latter becomes detached from 
the parent sporophyte. 

In some of the Gymnosperms the process is somewhat 
different. There are several archegoma in the prothallus or 
endosperm, and each contains its oosphere. More than one 
may become fertilised, and consequently more than one young 
sporophyte may be originated. In many genera also the zygote 
gives rise to more than one embryo. This phenomenon is known 
as polyembryony. Though many embryos are thus produced, 
only one as a rule matures. 

It is evident from the history of development that only such 
plants can produce seeds as have all the stages of the life of the 
gametophyte carried out while the latter is attached to the 
parent sporophyte. 
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CHAPTER III 

MORPHOLOGY OF THE FRUIT AND SEED 

The Fruit 

The act of fertilisation not only stimulates the further develop- 
ment of the oospherc, but brings about changes m neighbouring 
parts which are not diiectly concerned in the sexual process. 
The parts so modified may belong to both gametoph^^te and 
sporophyte as in the Phanerogams, oi to the gametophyte alone 
as in the Cryptogams The gametophyte in the Angiosperms, 
as we have seen, undergoes changes, leading to the formation of 
the endosperm, the tissue of that part of the sporophyte m 
which it IS embedded is also modified in various ways, especially, 
though not exclusively, the sporophyll oi carpel m which the 
mcgasporangium is found The structures resulting from any 
such development of the sporophyte form what is known as the 
fruit 

Among the structures which are often called fruits in the 
Ciyptogams we must include such forms as the cystocarps of 
some of the Red Seaweeds, in which the wall of the structure 
IS derived from certain cells which are in the immediate neigh- 
bourhood of the sexual gamete Rudimentary forms of fruit 
may also be recognised in the Mosses In these cases, however, 
the modified structure is always derived from the gametophyte, 
and IS not morphologically comparable to the fruit of the 
Phanerogams 

It is, however, in the group of the Phanerogams that we find 
the greatest variety of fruit, which we must now examine m 
some detail. 

Cha/tiges in the Pistil during the development of the Fruit 

The fruit, being generally the ovary after a certain amount 
of development or alteration, should correspond with "the latter 
in its structure. This is often the case, and the fruit consists of 
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the same parts as the ovary, but in a modified condition 
The walls of the ovary commonly alter in texture, and either 
become dry, membranous, coriaceous, woody, &c., or, on the 
contrary, more or less pulpy, fleshy, &c. 

In other cases more important changes take place during the 
ripening of the ovai> which disguise the real mode of construc- 
tion of the fruit These changes arise either from the addition, 
abortion, or alteration of paits 

1st The addition of parts is commonly produced by the 
formation of the spurious dissepiments already alluded to In 
DaUira Sti for instance, we have a two-celled ovary 

converted into an imperfectly four- celled fruit by the formation 
of a spurious vertical dissepiment {figs» 419 and 420) , this 
dissepiment appears to be formed by the projection of the 
placentas on the two sides, which meet and become united to 
corresponding projections from the dorsal sutures. In Cassia 
fistula (fig 417), again, and some other fruits of a similar 
nature, we have a one-celled ovary converted into a many-celled 
fruit by the formation of a number of transverse dissepiments. 
In Pretrea zangneharica^ a one celled ovary is converted into a 
six-cellcd fruit (fig 502) by an extension and doubling inwards 
of the placenta In Tiihulus terrestns the ovary is five- 
celled, but as it approaches to maturity, each cell (figs 503 and 
504) becomes separated into as many dii isions as there are seeds 
contained within it, in consequence of a corresponding number 
of projections from its walls Other examples of the formation 
of spurious dissepiments producing changes in the o\ ary have 
been already mentioned 

2nd Other alterations are produced by the abortion or 
obhteration of parts, as the ovary ripens The young ovary 
of the Oak consists of three cells, each of which contains two 
ovules, but the fruit has only one cell and one seed, so that m 
the course of development five ovules and two cells have become 
obliterated In the Birch we have an ovary with tw'o 
contaming one ovule m each, but the fruit is one-ceUed and 
seeded, so that here one cell and one ovule hav0^ become 
obliterated In the Ash, Horse-chestnut, Elm, andiatiMtnv other 
plants, similar changes are produced by the aborti^^ W oblitera- 
tion of certain parts of the ovary. 

8rd Changes axe frequently caused in the from a great 

development of succulent paretufehyma. Th^|i^ associated also 
with changes m the contents df the cella^^Fthe parenchyma, 
which become charjged with sagar^ vegetable acids, and various 
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flavouring matters, giving its peculiar character to each fruit 
The pulp of the Guava, Gooseberry, Tomato, and some other 
fruits, in which the seeds are embedded, appears to be produced 
from the placentas , and that of the Orange is of a similar nature 
The succulent parenchyma in other cases becomes dry and hard, 
leading to the formation of woody or papery fruits 

Although the fruit may thus be described as consisting 
essentially of the ovary or ovaries, modified in the directions 
described, other parts of the flower are also frequently present, 
and enter into its composition In those cases where the 


Fia 503. 



Fiq 502 Transver-se section of the fruit of Pretiea znngmbartca From 

Llnillcy Fig 603 A vertical section of a cell of theovaiy of Ttibulu^ 

tei 1 eitris o, o, o Ovules t Projections from the wall which are com 

menciiig to separate the ovules Fig 504 A vertical section of a cell of 

the mature ovary or fruit of the same, in which the partitions, c, com 
pleteh separate the 8ee<is, q Fiq 606 Pseudocarp of the Strawberry 


receptacular tube is adherent to the ovary, as m the Apple, 
Quince (fig» 299), Pear, Melon, and Gooseberry, it necessaiily 
forms a pait of the fruit, in the Rose the concave thalamus 
{fig 286, r, r), which bears the carpels on its inner surface, 
becomes a portion of the fruit , m the Strawberiy ( Hg. 506) the 
fruit consists of the succulent hemispherical thalamus, bearing 
the carpels on its convex surface, m the Acorn ifig, 197), 
Hazel-nut (fig, 198), and Filbert, it consists of pistil and bracts, 
oombmed together. 

We have further a third kind pf fruit, in the construction of 
which several flowers take part ; in the Pineapple (fig* 167) it 
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consists of then ovaries, floral envelopes, and bracts, all of which 
have coalesced and become succulent , m the Fig also {fiq* 203) 
we have a fruit produced by a number of separate flowers en- 
closed m a hollow fleshy receptacle. These examples show, that 
although the fruit consists essentially of the modified ovary, yet 
the term is also apphed to whatever is combined with the ovary 
so as to form a covering to the seeds Fruits which are formed 
fiom a single flower, but not entirely from the pistil, are now 
commonly termed spurious fruits or while those 

formed entncly from the pistil aie called true fruits Those 
which arc formed from several flowers are known as aqqreqated 
or anthocarpous fruits 

Gpnfral Charactfrs of the Frcit — The structure of the true 
fruit resembling in all important particulars that of the ovary, the 
modifications which it presents, as to composition, position, (fee , aie 
described by similar terms We may have si^nple or monocarpellaiy 
and compotind or polycarpellary fruits , also apocarpous and syn- 
carpous ones Simple fruits, like simple ovaries, are noimally 
one’Celled or unilocular , while a polycarpellaiy fruit may have one 
or more cells, according to the absence or presence of dissepiments, 
and the number of cells is indicated by terms similar to those used 
when speaking of the compound ovary 

The fruit, hire the ovary, necessaiily possesses one or more 
placentas, to which the seeds are attached , and the same terms 
are used in describing the diffeient kinds of placentation, as in the 
case of the ovary , these differences are usually moie evident in 
the fruit 

The fruit, again, is described as superior or inferior, in the 
same sense as these terms are used m speaking of the ovary 
A fruit 18 mfeiior when it is formed from an inferioi ovary, as m 
the Melon , it is superior, as in the Mignonette (fig 209) and Pea 
(fig 512), when the ovary is superior, and the calyx non-adherent 
Inferior fruits should, strictly speaking, be classed with pseudocarps, 
as they include parts of other stiuciures than the pistil They are 
generally, however, reckoned among true fruits 

The ba^e of the fruit is that point by which it is united to the 
thalamus, the apex is indicated by the attachment of the style, 
hence in those ovaries where the style is lateral or basilar, m 
many Rosacece (figs 441 and 442), Labmtce (fig 412), ^ora- 
ginaeecB (fig 413), the organic apex of the fruit will bc thus 
situated, so that the geometneal and organic apicatriflf! be very 
different 

Composition of the Fruit, — ^The fruit when |)erfectly formed 
consists of two parts . namely, the pericarp, and the seed or seeds 
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contained within it. In the majority of cases when the seeds 
are abortive the pericarp withers, and the fruit does not npen 
But there are many exceptions to this , the Bananas and many 
Oranges and Grapes produce no seeds, but the pericarp is never- 
theless fully developed , and in Plantains and the Bread-fruit 
the pericarps develop most extensively, and become best adapted 
for food, when the seeds are chiefly or entirely abortive 
Generally speaking, however, the development of the seeds and 
pericarp proceeds together after the process of fertilisation has 
been effected, and only then can perfect fruit be formed , for 
although in conlmon language we apply the term fruit in those 
instances where no seeds are produced, yet strictly speaking 
such are not fully formed fruits, but only enlarged and swollen 
pericarps 

The Pericaop 

In some cases the peiicarp clearly indicates its homology 
with a leaf blade by remaining in a condition not veiy dissimilar 

Fig 506 



Ft(f 506 Fohaceous bladdery legume of the Bladder Senna 
{CoIntea ai hoi e<icnis) 

to that part of a leaf folded inwards and united by its maigins, 
as in the Bladder Senna {fg 506) , such a fruit is described as 
fohaceous or leafy. 

In the majority of fruits the pericarp consists simply of the 
modified walls of the ovary , but when the calyx or receptacle 
IS adherent it necessarily presents a moie complicated structure 
The pericarp sometimes exhibits three layers or regions {fg, 
584) an external, called the epicarp or exocarp j ep ; a middle, 
the mesocarp, mt\ and an inner, the eudocarp^ en If the 
middle layer becomes fleshy or succulent, it is then termed the 
sarcocarp ; the inner layer in some fruits becomes very hard, 
and IB then called the atorie ox putameu. 

These layers are well seen m the Peach, Apricot, Cherry, 
Plum, and most other drupaceous fisnits , the separable skin is 
the epioarp ; the pulpy part, which is eaten, the mesooarp^or 
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sarcocarp; and the stone enclosing the seed, the endocarp or 
putamen In the Almond, the seed is enveloped by a thin 
woody shell, constituting the endocarp, which is itself surrounded 
by a thin green layer, formed of the combined mesocarp and 
epicarp. In the Date the outer brownish skin is the epicarp , 
the thin paper-like layer enclosing the seed is the endocarp , 
and the intermediate pulpy part is the mesocarp or sarcocarp 
In the Walnut, the wood> shell enveloping the seed, which is 
commonly termed the nut, is the endocarp , and the green 
covermg of this, called the husk, consists of the mesocarp and 
epicarp combined In these fruits, and in others which might 
be quoted, the pericarp is more or less differentiated into 
separate layers , but in most cases no such differentiation can 
be obseived. 

In describing the structure of the carpel, we found that the ovary 
presents two sutures one of which, called the ventral suture, 
corresponds to the line of union of the margins of the lamina of the 
carpellary leaf, and is consequently turned toi^ards the axis or centre 
of the flower, and the other, termed the dorsal suiure, corre- 
sponds to the midrib of the lamina, which is directed towards its 
circumference The simple fruit being formed, in most cases, 
from the mature ovary, also presents two sutures, which are 
distinguished by similar names These, like those of the ovaiy, 
may frequently be distinguished externally, either by a more oi 
less projecting line, or by a slight furrow, in the Peach (fig 537), 
Cherry, Plum, and Apricot, the ventral suture is very evident, 
although the dorsal suture has become nearly effaced , while in the 
Bladder Senna (fig 606), Pea, and other fruits of the Legumtnos(£, 
both dorsal and ventral sutures are clearly visible externally 

In a poly carpellary ovary with two or more cells, in which the 
placentation is axile, it must be evident, of course, that the dorsal 
sutures alone can be observed externally, as the ventral sutures of 
the component ovaries are turned towards and meet in the axis of 
the flower, and are hence removed from view , it follows also that 
the number of dorsal sutures corresponds to the number of carpels of 
which such an ovary is formed In a fruit presenting siinilar 
characters, we And of course a similar disposition of sutures 
When an ovary, on the contrary, is formed of the pf two or 

more carpellary leaves, the margins of which are .npt inflected, 
or only partially so, and is therefore one-oelled, and^llfe placentation 
parietal or free central, both ventral and dorplir sutures may be 
observed externally, alternating with each other. ^ The fruit, which is 
formed m a similar manner, necessanly presents a similar alter- 
nation of the sutures on its external surface 
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Dehiscence — The pericarp in some cases opens or splits 
when the fruit is npe, so as to allow the seed or seeds to escape , 
in other cases it remains closed, and the seeds can then only 
become fiee by its rupture or decay In the former case the 
fruit IS said to be dehiscent , in the latter, indehiscent Those 
fruits such as the Nut, Cheiry, Apiicot, Plum, and Date, which 
have \ ery hard or fleshy pericarps, are usually mdehiscent 

Dehiscent fruits open in vaiious ways — 

1st By splitting longitudinally, eithei in the lines of the 
dorsal sutures, oi at the junction of the component carpels only, 
or at these points as well as at the doisal sutuies In all such 
cases the pieces into which the fruit sepaiates aie called valves, and 
these valves, when the fiuit is noimal in its structuie, are either 
equal in numbei to the cells, oi component caipels, oi they aie twice 
as numerous In fiuits formed of a single caipel, which open only 
by the ventral oi doisal sutuie, theie will be only one valve ( figs 
510 and 511), corresponding to the one caipel , but if the caipel 
opens by both sutures {jig 512), theie will be two valves In fruits 
composed’of several cells the valves will be equal in numbei to the 
component carpels, if the dehiscence takes place only by the dorsal 
suture (figs 51b and 517), oi in the line of union of the component 
ovaiies ( iigs 513 and 514) , or they will be double the numbei, if the 
dehiscence takes place by both these parts In polycarpellaiy one- 
celled fruits the valves will be equal in number to the component 
carpels, if the dehiscence occurs only by the \ential (jig 522) 
01 dorsal sutures (jig 515) , oi double the numbei, if by all the 
sutuies When there is a distinct axis left after the separation 
of the valves, this is called the columella (jig 543, a) 

2nd By splitting transversely, so that the uppei part of the 
fruit separates from the lower like the hd from a jar or box 
3rd By rupturing in an irregular manner by little pores 

We have thus three kinds or classes of dehiscence, which aie 
called respectively — 1 Valvular , 2 Transverse or Qircumscissile , 
and 3 Poious 

1. Valvular Dehiscence — This may be eithei partial or com- 
plete in Dianthus (jig 608), Lychnis (jig 607), and many other 
members of the Caryophyllacece, the dehiscence takes place only at 
the upper part of the fruit, which then appears toothed, the number 
of teeth corresponding to that of the valves in complete dehiscence 
A somewhat similar mode of partial dehiscence occurs in certain 
Saxifrages, and in the Mignonette (jig 609) , m the latter plant one 
large orifice may be observed at the summit of the fruit at an early 
stage of its growth, and long before the seeds are ripe At other 
times the separation of the fruit into valves is more or less complete, 
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so that the natuie of the dehiscence is at once evident Theie are 
vaiioiis modifications of these complete forms of valvulai dehiscence 
Til flints which aie foiined of but one caipel, the dehiscence may 
t \U [)\ ice by the \ential sutnie only, as in the Columbine ( fu] 510) 
and Aconite ( //i/ 55 i) , oi by the doisal sutuie only, as in some 
Magnolias [fni 511), or by both doisal and \ential sutuies, as in 

Fk4 507. Fig 508 Fig 509 


Fir 512 


Fig 510 Fig 511 






f Kj ')(»7 I mil of liiihfiis 1 u! 'ies 1 mit of Ittunihn I I mil 

of ^lij,oioiH til (/ lid MO I oUh 1( ot ( olnjnldiu ( Siiinhum) 

(Idiisciiii? I)\ Miittil -iiluH lit IoIIkN- <»f Maqnnhn qhiiiin, 
each (lchis< in.. I)\ it doi-il snluri i li< miK m mlr ,] fiom ihr 

fruits by Ion -t ill - oi fiioK iiii - In; 'I!.’ I < _,niiif of f)i, p, t uliuli 
ll IS o|M IK (1 ll\ ]»ot ll <li>( ll Did \ ' oil ll '•lit Ml ( -, ll M< ( it Is I W n \ lived 

r ( ilw <!> I 1 . 1 . Dp /./ I’lu.Mti .n ‘-m < I- 1 1 1 u lin 1 t n f )„ placcilt I 
1)\ fi IniiK Mill' OI 't ilk / III I M'Iim up 

the Pea (/ny 512), I Jean, and many other menibeis of the hrqininiio^d 
This form of dehiscence is commonly bnovvn as suiuml 

Tn compound flints having two oi mou C( 11 md IhtMiffiK ,l\i1( 
placintdtion thm an Ihni Kinds ol \il\iilii dihisicmi wIikIi m 
called 1 cs])f f t ivr I \ si/iIkkIiiI hu I'hridal md s/ yi//// I'/g/// 

A Sr/)hiu/(i/ Dthisinm liilliisjh< limt (|Miil(d into its 
component ovaues oi caipels by a duision taking place between the 



MOBPHOLOGY OF THE FKUIT AND SEED 237 


two halves of each dissepiment (Jigs 514 and 513) Examples may 
be seen in Colchicitm and Rhododendron Heie each valve coiie- 
sponds to a caipel, and the \alves aic said to have then maigms 
turned inwaids In this dehiscence the placentas, with the seeds 
attached, aie cairied away with the valves, asm Colchicum (Jig 514) 
B Tjocnlicidal Dehiscence — This teini is used when each 
caipel opens by its doisal sutuie, or thiough the back ol the cells, 
and the valves scpaiate fiom the axis, cairying the dissepiments 
with them 51b and 517) Heic each valve is composed ot the 


Fig 513 Fig 514 


Fig 515 



I m Ml ol tliL M( kIow Sillion ( 1 oA/zo nnl untiiah ) ■^liowiiu' 

Mptunlll - / !</ 511 1)1 in mi of Slptuitlll lUlllMCIKl 

sliowniiL, till pi i( ( 111 is mil sinlstuioil i\v iv uitii tlic \ihis / /</ 
M5 Hill ( I 111 il 1 1 tie ol Hi II I I'-i ( 1 /<i/« //« ii/ii/ ), ill Ills! llljf 111 I lot till 
I III il III mini / f>/ Mo ( ipsiiU ol I '-pi I II s ol //// ill liisi 1114 

loi iiln III ill\ I I, i \ il\(s < Di-s, piim Ills 1/ f I,/ 

Him? II 11 III lii<_ iilu ill il ill 111"! I Ml I III M III! li the \ il\ t- I an tin pi n mt m 

w il h I III 111 


united halves ot two ad|oniini^ < iipiK, and tin \ iIm- In u iln 
dissepiments in tin iniddli IKmijilis ni i\ bi setii in the ills 
( /o/ ')(»J) ind //z/asiz/s ( //</ 'ill)) 

0 S( })i 1 1 1 (K/d I I >1 II isi t IK I In tin lonu ot dihnK'nce tlu 
caipil op( 11 b> till 11 doi il Ol vintial ^itiiii^, is m loeulnidil <»i 
bt^ptn idai di In (tiui iml it tlu iim Iniu tlu disnpiimiit iu)ttui(, 
SO that tin \ iht tall i\\ i> li i\in ilu sitiU lUuliid to i niitiil 
column ( //(/N M't and >JH) 'I’hm toi m ot lU In-t i m i iu.in hi i i ti 
in Datiiiii 1(11110)1 III ni ( liif 521 ) ind < (ihtio { fm 51 M) Tlu [•! i 
centas bcanng the sei (K m hm ittulud to tin im n hiiwetn 



238 


MANUAL OF BOTANY 


the disbepimcnts, c, c Septifiagal dehiscence may be combined with 
eithei the loculicidal oi septicidal foim (figb 520 and 518) 

In polycaipelbii V fiuits with one cell having paiietal oi hee 
cential pl.ici iitatiun, we ha\e two forms of dehiscence, these corre- 
spond to till oidinaiv septiiidal and loculicid.il kinds )U‘=!t described 
In compound liuits witli parn tal pbu intation, tlu dehiscence 
ma> take pi, ice tluough the coiilluLiit maigins oi sutuies of the 
adjoining carpels, so that each placenta is divided into its two 
laiiiell I , as in the species of Gentian [Juj 522) In this case the 

Fig 518 Fig 520 

Fio 510 


/!»/ 518 ^ j'tifi il combiuca witli Mptu ui,il dcliiacciRc, sliow- 

ing tJie valves bn iw iv Irom h central column tonnid by the union 

of the pliiiuta' / /" 'I'l (\rpsuleof Cednhi angusdfoha^ sliowing 

soptifrig d d( his< < II' « I I I V ilvt" n \ xn blaring the dissepiment^', 
r, c, and sc« d'' a I if iJo I )i t'-u im illiniT ding septifragal combined 
with loculicid il dt hi'i ( 11 ' I Kj Ul C ip^ule of Datura iiti ainuninm, 
showing septilragal dehisi ence 

(b liisi ( IK e takes the septicidal fonn, and each valve thin ton 
I'pK < Ills one of th( component e.upils ot the fiiiit ddu d* Ins 
u IK ( may, on the otlii 1 bind t iki pl.ici thiongli thedui'.al iitiin 
a 111 till Pansy {Jk/ il’)), in winch case it is Im ulicid il, and i k h 
valve IS composed ol the .idjoining b lives ul two eaipils I'bt s( 
toims may be icadily distinguisbi d by tin vaiyiiig attaibmiMit 
of t b( yil K r 111 I itid ( 1 d'' 111 till I wo ( 1 Ill I Ik loi iim i iiislaiice, 
< K b valvi b( II thf plai ( nl.is and i < iL on 1 1 •, t w o m ' i ms ( //(/ 
522) , in the lattci, the placenta and seeds aie ilt.u Ik d to ilu < ( ntie 
of each valve {fig 515) It hapjiens in some c tscs, as in the iiuit 
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of the Wallflower (jig 523), that the placentas bearing the seeds 
remain undivided, and the valves break away from them, so that 
they are left attached to a fiame or replicm, which, is a spurious 
dissepiment derived from the placentas 

In polycarpellary fruits with free central placentation, the same 
forms of dehiscence occur as in those with parietal placentation, but 
here it is difficult in many cases to speak positively as to the nature 
of the dehiscence from the absence of seeds oi dissepiments upon 
the valves The plan usually adopted is to count the number of 
the valves and compaie then position with that of the sepals oi 


Fig 522 Fig 523 Fig 52-^. 



I U] 522 Out ccllul fruit of a spocics of Gentian dehiw in^ iii a septiculal 

niaiiner Aii/ 523 Fiuit of siliqiia of the Wallftowtr, showiiif^ the 

hcparatiou of two valves from tlie repluni /•iff 524 Fruit of 

Celandine {Cheltdonmm majus)^ with the valves separating from the 
placentas 

divisions of the calyx. As the diffeient whoils of the flowei in 
a regulai airangement alternate with one another, the component 
carpels of the fiuit should alternate with the sepals or divisions of 
the calyx Theicfore if the fruit separates into as many portions as 
there are sepals or parts to the calyx, and if these valves are then 
placed alternate to them, they represent the component carpels, and 
the dehiscence is consequently of the septicidal type , if, on the 
contrary, the valves are equal and opposite to the sepals or divisions 
of the calyx, each valve is composed of the adjoining halves of two 
carpels, and the dehiscence is of the IqCulicidal type Sometimes 
the number of valves is double that of the calycine segments or 



^40 


MANUAL OP BOTANY 


sepals, in which case each valve is formed of half a carpel, the 
dehiscence of the fruit having taken place by both its dorsal and 
ventral sutures. 

In all these varieties of valvular dehiscence, the separation 
may take place either from above downwards, which is by far the 
more usual form (jigs 513, 516, 519, and 521) , or occasionally from 
below upwards, as in the Celandine (jig 524), and universally in 
the members of the Crtictjerce (fig 523) 

In some fruits the caipels separate from each other without 
opening , some of these show the axis elongated, forming a columella 
01 carpophoie, as in the Mallow, and in the Gerainacecu (jig 526, a) 

and Umbelhjerce (jig 540) The 
caipelb which are united to it 
sepal ate from it without their 
ovaries opening The ovaries of 
such carpels sometimes open 
afterwards by their doisal su- 
tures (jig 543, sd) When such 
carpels separate with a certain 
amount of elasticity from the 
axis to which they ^re attached, 
as in some EupliorhiacecCy they 
have been called cocci (fig 543, 
c, c, c) All fruits the carpels ot 
which separate from each other 
without opening are called 
schizocarps , they are indehis- 
cent fruits, as the primary split- 
ting does not set the seeds free 
In certain fiuits, such as 
those of Limim catharticiim^ 
the ovaries open hrst by their 
dorsal suture, and then separate 
fiom each othei septicidally 
2 Tkansveiisk or Circuiibcissile Dehiscence — In this kind of 
dehiscence the opening takes place by a transveise fissure through 
the pericarp across the sutures, so that the upper part is separated 
from the lower like the lid of a jai or box, as in Hyoscyamus (fig 
527) and Anagallis (fig 560) Sometimes the dehiscence only takes 
place half round the fruit, as in Jeffersoma^ in which case the lid 
remains attached to the pericarp on one side, as by a hinge. 

In the Monkey-pot (fig 628) the lower part of the ovary is 
adherent to the receptacular tube, and the upper portion is free , and 
when dehiscence takes place, it does so transversely at the part where 
the upper free portion joins the lower adherent one, so that it would 
appear as if the adherence of the calyx had some effect in this case 


Fio 625 


Fi8 526 



/ ig 525 Diagram ot 
soptifiagil deliih- 
cenct, in which 
the valves* have se 
pmitcd fiom the 
placentas, ^vhlch 
remain as a central 
column with the 
seeds attm hed 
Fig 526 Fruit of a 
species of Oetani- 
urn c Persistent 
calyx a Axis or 
car^Miphore from 
which the ovaries, 
o, 0 , with their 
styles, ty ty are se- 
parating A Stig- 
mas 



MOBPHOLOGY OF THE FBUIT AND SEED 241 


in producing the transverse dehiscence Such fruits are sometimes 
called operculatej a term which is also applied by other botanists to 
all forms of transverse dehiscence m which the upper portion of the 
pericarp separates from the lower m the form of a ltd or operculum. 

Transverse dehiscence may occur in fruits which are formed 
by a single ovary or carpel, as well as in the compound ones men- 
tioned above The lomenta of Coroitilla, Hedysarum {fig 529), 
Ornithopus, &c , separate in this way when ripe into as many portions 
as there are seeds 

3 Porous Dehiscence — This is an irregular kind of dehiscence, 
in which the fruits open by little pores or slits formed in then 
pericarps These openings may be situated either at the apex, 
side, or base of the fruit , and they are described accordingly, as 
aptcular, lateral^ or hastlar Examples of this kind of dehiscence 
are exhibited by the Poppy, in which several pores are placed beneath 


Fig 627 


Fig 528 Fig 529 



Ftp 627 Fruit of Henbane (Hyoscyamm) with transverse 
dehiscence Tins fruit is teimed a pyxis— 628 

Pyxis of the Monkey pot (Lecythi^ oVaria) Ftq 629 

Lomentum of a species of IIedy%arum separating trans- 
versely into one-seeded portions 



the peltate disc to which the stigmas are attached , and by Antir- 
rhinum (fig 430), where there aie two or three orifices, one of which 
is situated near the summit of one cell of the ovary, and the rest 
somewhere in the other • In various species of Campanula (figs 
530, tf and 631), in which the ovary is inferior, and divided into 
several loculi, each of the latter opens externally by a single pore 
The pericarp is composed by the adhesion of the receptacular tube to 
the wall of the ovary The apertures are situated either at the sides 
(fig 630, t, or towards the base (fig 631) of the cells, and are very 
irregular in shape 

Kinds of FRurr. — Many kinds of fruit have been described 
and several classifications have been proposed for them, but 
there is still not very great accordance among botanists upon 
this subject. t 

We have seen that m most oases the fruit arises from chetnges 
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m the carpels in consequence of feitilisation All these forms 
may be described as ne fruits It often happens however that 
other paits of the flower undergo similar modifications, and a 
number of structuies result, in which the true fruits can fre- 
quently be distinguished separately The idea of the fruit which 
^ is associated with these forms is a rather conventional one, its 


Fig 530 Fig 531 



F%g 630 Immature fruit of a species of Campanula p Pericarp ^ t Pores 
at the sides c, c Beceptacular tube unite<l iielow to the wall of the fruit 

so as to form a part of the pericarp Fig 531 Fruit of a soecies of 

Campanula dchiscinp: by por s at its base 


leadmg features being succulence or palatability Such fruits, 
originating, like the first group, from single flowers, we may speak 
of as spumous fruits or pseudocarps A third foim also is found, 
in which the ‘ fruit ’ is the result of the more or less complete 
cohesion of a number of flowers, various parts of which, oi the 
axis on which they aie borne, have become succulent These 
maj be called aggi eqated or antliocarpous ftuits 

A True Fruits 

Of these many varieties occur, rendering a classification 
necessary. As there is a possible broad distinction, based on the 
way they liberate their seeds, we may divide them into Inde- 
hiscent and Dehiscent fruits. Further di\ision may be based 
on the number of carpels in each 

Indehiscent Monocarpella/ry Fruits, 

1. The Achene is a very small superior, one-celled, one- 
seeded fruit, with a dry indehiscent pericarp, which is separable 
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from the seed, althou^jh closely applied to it. Such fruits may 
be mistaken for seeds, but can be distinguished from them by 
bearing on some point of then surface the remains of the style. 
This style is very evident m the Anemone (fig 532). Examples 
may be seen also m the Clematis, and in the plants of the orders 
Lahiatce and Boraginacecp {fig 533) In rare cases we find a 
flower producing but a single achene 

2. The Utricle is a superior, one-celled, one- or few-seeded 
fruit, with a thin, membranous, loose pericarp, not adhering to 
the seed , generally indehiscent, but rarely opening transversely 

Fio. 532 Fio 533 Fio 536. 




Fio 534 




Fig 632 Vertical section 
of an achene of the 
Pasque-flower {Anemone 
Puhattlla) The fruit is 
said to te tailed m this 
instance in oonseqiiein. e 
of being snrmonntcHl bj 

a featlierv st\ le Ftg 

633 Achenes of Busrloss 

( Lyropm) Ftg, 634 

Vertical section of the 
<lriipe of the Cherry ep 
Epicarp en Endocarp 
mf Mesocarp q Seed 

with embryo f'tq 635 

Utricular fruit of Cheno 
podium^ surrounded by 
the persistent calyx 


Examples of this kind of fruit may be seen in Amaranthus and 
Ghenopodium (fig 536). 

3. The Caryopsis is a superior, one-celled, one-seeded, 
indehiscent fruit with a thin dry membranous pericarp, com- 
pletely and inseparably united with the testa or skin of the 
seed (figs 638 and 539). It is found in plants of the order 
Oraminaceod. This form must be carefully distinguished from 
a seed, with which it is often confused. 

4. The Drupe, — This is a superior, one-celled, one- or two- 
sSeded, indehiscent fruit, having the p^i^arp altogether separ- 
able into three well-dehned layers : namely, epwjarp, mesocarp, 

B 2 



244 


MANUAL OF BOTANY 


and ('ndoni p Of those the epical p is a thin skin , the mesocarp, 
01 \ ll(sli\ 01 biiccnlcnt mass , and the endocaip hard 

and wood) This layer is known as the stone or ])uta7nen^ 
hence the drupe is sometimes called a stonc-frmt Examples are 
afforded by the Peach (Jigs 536 and 537), Apricot, Plum, Cherry 
{fig 534), and Olive The fiuit of the Almond presents all the 
characters of the diupc, except that the mesocarp is of a 
toiighish texture instead of being succulent The fruit of many 
Palms, such as the Date, is a drupe whose cndocarp is papery 



Fttj 636 Drupe of the Pcaclj Fki 537 The '='ame ent vert ic illy 


and whose seed instead is hard and stony The latter must not 
be confused with the endocaip of the Plum, which it lescmbles 
in texture INfan^ fiuits, such as the Cocoa-nut, which are 
soiiK tiiiH s t( rmed diupes, are impropeily so called, as they are 
in ir<dit\ (ompound, or formed oiiginally from two or more 
( n p( Is or o\au( s They present othei characteis differing fiom 
those of iiionocarpellary fruits 

Tli( Ihispberiy {jitf 570) and P>ramble beai a numbei of 
small drupes, 01 ciowdt d tog( tlu i upon a conical dry 

thalamus These foim an etieiio of diupes 


In flehi scent Pohfcnrpflla'iif Frnif'i 

1 The Cy'iinla — This diffeis from tlie achene ])\ being 
infeuor and bicaipi llai y It occurs m ,ill plants of tin onhi 
Conipositcp When tlie calw is pappose it remains attaclied to 
the frnit, asm Salsif\ and D.inddion 

2 TJk or Nuti^ a di\, liard, mdchiscent, one celled, 

one or two seeded fruit, produced from an ovary of two or more 
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cells, with one or more ovules m each cell During development 
all the cells but one become obliterated, and this one contains 
usually a single seed, the other ovules not developing. The 
pericaip of the nut is not differentiated into layers, and the 
whole IS more or less enclosed by a cuimU The Acorn (fig, 197) 
and the Hazel nut (fig 198) may be taken as examples By 
some botanists the fiuit of the Cocoa-nut Palm is called a nut. 


Fig 538 



Fig 541. 


Fig 539. 



Fig 540 


Fig 542 




Fuj 638 Caryopsis or fruit of the Oat Fiy 6 Jy Section of the fruit ot 

the Oat p Plumule r Radicle s Stutelluiu Hg 640 Cremocarp 

or fruit of Angelica Fig 511 Samara or fruit of the Maple 

Fig 642 Oaroerule or fruit of the Mallow {Afalm) 


but improperly, as its pericarp presents a distinction into epi- 
carp, mesocarp, and endocarp. Such a fruit is often described 
as a fibrous drupe. It is not, however, a true drupe, as it is 
polycarpellary. 

8. The Sch%zocarp , — This term is apphed to a number of 
fruits which split away from the axis inie pieces corresponding 
to the constituent carpels. They differ from dehiscent fruits in 
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tliat the splitting does not liberate the seeds The chief varieties 

tiie the following — 

The C) einot(uj ) — An infeiior, dry, ind( his( ( iit, two celled, 
two seeded Iruit The t^vo cells, or luihis, (>[ ulndi this fiuit 
IS composed, aic joined face to face to a common axis oi catpo- 
ph())(, from which they separate wlun iipi , but to which they 
always remain attached by a slendei (oid winch suspends them 
( fiq 540) Each half fruit is teimeil a nu y ucup^ and the mnei 
fact th( ( ohDuissu ! < Each poition of the fruit resembles an 
achme, except m being mfenoi , hence the name (IkuIik }innn 
has been gi\en to this fiiiit h’\unj)Us of the (icmocvij) aie 
aflordcd by the plants of the oidei VnihelJ ij 1 1 a^^hwl it octxm 
111 no other order 


FiCx 513 Fict 544 



h t<l 51J lo Ult of tlic C.istcn oil ])laut ( A’aa/f/s with tlu o.iipels 

scpirtttinj? fioni tachotlitr uit lioiit oiHiiin^ ( < ( ujicN a ('olnmcllu 
s/f Dorhdl hutnre wlicre t w li t,ii j)i I ultiii) it( h opiii^ — f k; 'ill Fruit 
of Suk11k)x tree {Jim an epUnus) It ibconiiiositl ui liituu taipelb winch 
s{]) irate from the i\ib wlun iipc, and huist with great forte 

The Samara — A superioi, two- or more celled fruit, each 
cell being di}, indehiscent, one* or few-seeded, and having its 
pericarp extended into a winged expansion I'Aamples aie 
atforded by the Maple {fiq 541), Ash, and Elm By some 
botanists each winged iioition of such a fruit is called a samara, 
and such fiuits as the Maple are consideied to be formed of two 
united samaras 

The Catceriile — A supeiioi, many-celled hint, (sn h cell 
being diy, indehiscent, and one- or few -seeded, and all tlu cells 
moie oi less cohei mg by their united styles to a cential axis 
The common M.illow {fiq 542) is a good example of this fruit 
4’he ccnti il ixis ol tlu < iKiiuh of the (hiannim with ils 
ildheiciU Ics IS pi obujgi d iipwaids into <i laigc beak {/iq aiO) 
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The Heqma — When the schi70carp consists of three or more 
carpels which separate from each other and bur st with elasticity, 
it has been called a reqma^ and the constituent carpels are 
teimed coca Examples are aflorded by liuinuH {Jkj 543) and 
Hum cieqntam {fiq 544) 

4 The Bated or Bet tq is an infeiioi, indehiscent, one- oi 
more celled, many-seeded, pulpy fiuit ( /n/s 545 and 516) The 
pulp IS pioduced fiom the placentas, vvduch aie a\ile oi pariet.il 
{fiq 545, 7?/), and ha\e the seeds, &, s, at hrst attached to tliem , 
but these ultimately become separated and lie fiee in the pulp, y; 

Fit. 545 



Ftq 645 Tiaiisvtr‘>cst< tioH ut • h* 1 1 \ <ii tin ( .oo-dt* 1 1 \ ( >• C / 

pi Plncenttis a bculs cmlndfUd in inilp p / n/ lib KaceiiK ot 

berries of tilt Reti Curiaiit s 1 ii/'/ ////< ) — / /</ 'll/ Nuc ulaniuiu or 
truit of the Vine {Vids rimftt a) I m 518 Ti in mi^^i ^tctiou of tlic 
popo of tlie Melon cl, cl, cl CarptK pl,pl,pl p’ pi pf ( uiveil plici nt is, 
sending processes, s, from the circumteieiue, / to tlu oiutu, uni thus 
causing the fruit to be spuriously three celled 

Examples aie afloided by the Goosebciry and Cm i ant The 
toim hacLdtc oi htiritd is applied by many botanists to an^ 
pulpy fruit 

5 The Atuphibayca — A superioi, many celled, indehiscent, 
many-seeded fiuit, indurated or woody exteinalh, pulp\ m 
teinally Examples, Omphalouu pus, Adanstma, Cnstiidnt 

6 Th( 75 />o IS an inteuoi, one celled oi spurioush thicc 
celled, many seeded, fieshy or pulpy fiuit ( //</ 548) The seeds 
aio .ittached to parietal placiMil.is md m t mbi ddi d lu ])ul]), but 
the\ ne\ ei become li ce .is is llu c isi in lIk lnii\ luiui‘ this 
hint lb leadily distm^uushed horn the lattei 
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There has been much discussion with regard to the structure 
of the pepo By some botanists the placentas are considered as 
axile, and the fruit normally three-celled, as it is formed of three 
ovaries or carpels , while by others the placentas are regarded as 
parietal, and the fruit normally one-celled, as defined above Those 
who adopt the first view believe that each placenta sends outwards a 
process towards the walls of the fruit, and that these processes 
ultimately reach the walls and then become bent inwards and bear 
the seeds on the curved portions If these processes remain, the 
fruit IS three celled , if, on the contrary, they become absorbed, it is 
only one-celled, and the placentas are spuriously parietal Accoidmg 
to the view here adopted, the placentas are parietal, and send pro- 
cesses inwards which meet in the centie, and thus render the fruit 
spuriously three-celled , if these are impeifectly formed or after- 
wards obliterated, the fruit is one celled This fruit is illustrated by 

Fig. 549 Fig 550 




Fig 649 Transverse section of the fruit of the Orange (CiO m Aurantiiun) 

p Epicarp e Mesocarp d Endocarp «, $ Seeds Fig 650 Abnormal 

development of the fruit of the Orange, m which the carpels, ce and ci, 
are more or less distinct instead of being united 


the Melon, Gourd, Cucumber, Elaterium, and other members of the 
order Cttcurbitacecc The fruit of the Papaw-tree resembles a pepo 
generally, except in being superior. 

7. The Nuculamum — This fruit, of which the Grape ( /fgr. 
647) may be taken as an example, differs from the berry only in 
bemg superior. It is frequently called a berry. 

8. The Hesperidium is a superior, many-celled, few-seeded, 
mdehiscent fruit, consisting of a separable pericarp, formed of 
the epicarp and mesocarp combined together (fig, 649,^, c), and 
having an endocarp, which projects internally m the form of 
membranous partitions ; these divide the pulp into a number of 
portions or cells, which are easily separated from each other. 
This pulp, as already noticed, is a development of succulent 
parenchyma either from the general inner lining of the ovary, or 
fiom the placentas only. The seeds, a, a, are embedded m the 
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pulp, and attached to the inner angle of each of the portions into 
which the fruit is divided The fruits of the Orange, Lemon, 
and Shaddock are examples of the hesperidium It is by no 
means uncommon to find the carpels of this fruit m a more 
or less separated state {fig 550), and we 
have then produced what are called 
‘ horned oranges,’ ‘ fingered citrons,’ &c , 
and the fruit becomes somewhat apo 
carpous instead of entirely syncarpous 

9 The Tryma is a superior, one-cellcd, 
one seeded, mdehiscent fruit, having a se- 
parable fleshy or leathery rmd, consisting 
of epicarp and mesocarp, and a hard two- 
valved endocaip, from the inner lining of 
which spurious dissepiments extend so as 
to divide the seed into deep lobes It 
differs but little from the ordinal y drupe, 
except m being formed from an originally compound ovary 
The Walnut affords an example 

10 The Balausta is an inferior, many-celled, many-seeded, 
mdehiscent fruit, with a tough peiicarp It is formed of two 
rows of carpels, one row being placed above the other, and sur 
rounded by the calyx , the seeds are attached irregularly to the 
walls or centre The Pomegranate fruit is the only example 
{fig 551). 

Dehiscent Monocarpellary Frmts 

1 The Follicle —This is a superioi, one-celled, one or many- 
seeded fruit, dehiscing by one suture only, winch is commonly 
the vential , it is consequently one-valved {fig 510) By the 
latter character it is known at once from the legume, which opens 
by two sutures, and is two-valvcd , m other respects the two 
fruits are alike 

The follicles of Magnolia glauca (fig. 511) and some other species ol 
Magnolia open by the dorsal suture instead of the ventral. Examples 
of the follicle are afforded by the Columbine {fig 552), Hellebore, 
Larkspur, and Aconite (fig 553) Each of these plants bears a whorl 
of three follicles, arianged on the top of the thalamus, and almost 
touching each other , each flower of Ascle;piast Ftnca, and Pceorna 
(fig. 654:) generally forms two follicles , while the follicles of LinodeU’ 
dron and Magnolia (fig. 511) are numerous, and arranged m a spiral 
manner on a more or less elongated thalamlls It rarely happens that 
a flower produces but a single follicle , this, howevei , sometimes oc^uis 


Fig 551 



Fkj 551 — Vertical section 
of the b ilaiista or fruit of 
the Pomegranate 
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m the case of the Pasony The two follicles of AbcUpias are more or 
less united at their bases, and the seeds, instead of remaining attached 
to the ventral suture, as is the case in the true follicle, lie loose in 
the cavity of the fruit This double fruit has therefore by some 
botanists been given the distinctive name of ConceptamUwi 

2. TJie Legume or Pod —This is a superior, one-celled, one- 
or many-seeded fiuit, dehiscing by both ventral and dorsal sutures 
so as to form two valves, and bearing its seed or seeds on the 
ventral suture Examples are aftorded by the Pea {fig 612), 
Bean, Clover, and most plants of the order Leguminosce^ which 
has derived its name fiom this circumstance 


Fig 552 Fig 553 Fig 554 



t'xq 562 Follicles of the Columbine {Aqmlegid) Fig 663 Fol- 
licles of the Aconite {Acomtmn) Itg 664 Follicles of the 

Pseony (Fceonta) 




The legume is generally more or less convex on its two surfaces 
and nearly straight , but it frequently assumes curious shapes That 
of some species of Medicago becomes spirally tivisted so as to resemble 
a screw (fig 557) , those of Scorpiurus sulcatus and of some other 
Medtcagos are coiled upon their long axis after the manner of a snail - 
shell (fig 555) , that of Ccesalpima coriaria is curved like a worm 
A number of other irregular forms occur Some plants exhibit 
certain deviations from the ordinary structure of a legume , Astragalus 
(ftg 422) and Phaca (Jig 423) have one which is two-celled, in 
consequence of the formation of a spurious dissepiment, proceeding 
in the former plant from the dorsal and in the latter from the 
ventral suture. In other cases a number of spurious horizontal 
dissepiments are formed, by which the legume becomes divided into 
as many cells as there are seeds , Cassta fistula (fig, 417) affords 
an instance of this and of another irregularity, the legume bemg 
mdehiscent, though the two sutures are clearly marked externally. 
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Other indehiscent legumes are borne by Arachis and Pterocarpus^ 
in which there is sometimes no evident mark of the sutuies ex- 
ternally , such legumes, however, frequently split into two valves like 
those of a pea, wljen a little pressure is applied as in the ordinary 
process of shelling peas 

3. The Lomentum , — This is a kind of legume which is con- 
stricted in a inoniliform manner between the seeds Hedysaruin 
{Jig 529), Otmthopus, and Acacia Sopliora {Jig 558) afford 
examples ii csWed. lo merit aceous legume This 

fruit, together with the legume, characterises the plants of the 
order Legmmnosee When the lomentum is ripe, it commonly 
separates into as many pieces as there are constrictions on its 


Fig 555 Fig 557 Fig 558 



Ftg 655 Coiletl-up legume of Scotpiurus sulcata Fig 556 Snail like 

legume of Medxcago orbxculata tig 667 Spiral or screw like legume of 

Lucei lie {Medicago) Fig 558 Lomentum of a species of Acacia 

surface (Jig, 529), but it* may remain entire (Jig 558) , in the 
latter case the seeds are separately enclosed m cavities which are 
formed by the production of as many internal spurious dissepi- 
ments as there are external constrictions 

Dehiscent Polycarpellary Fruits, 

1 . The Capsule is a superior, one- or more celled, many -seeded 
dry, dehiscent fruit. 

The dehiscence may take place either by valves (Colchtcunit 
Jig, 513, and Datura^ Jig 521), or by pores (Papaver, and Antirrhz- 
nunit Jig 429) ; or trcmsversely {Pimpernel, fig, 660, and Henbane, 
Jig, 521) t or only partially (Mignonette, 509, Ihanthus^ Jig, 508, 
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and Lychms^ fig 507) When the capsule dehisces transversely 
the fruit has received the distinctive name of Pyxis The capsule 
IS either one>celled (Mignonette, fig 509, Pansy, fig 515, and 
Gentian, fig 622) , or two-celled (Scrophularia^g 661) , or three- 
or move celled {Colchicunij fig and Daturay fig 621) Hehcteres 
{fig 559) shows a very remarkable and aberrant form, being com- 
posed of five carpels twisted spirally together The capsule is a 
very common fruit, and is found almost universally in many Natural 
Orderfe, as PapaveracccBy CarophyllacecDi PrimulacecBy Scrophu- 
lariacecDj OeiitianacecB, &c 

When a fruit lesembles the ordinary capsule in eveiy respect, 
except that it is mfeiioi, it has received the name of Diplotegia 

Fig 561 




Ftf/ 659 Spiral capsule of a spt'cies of IlelxtUres Fig 660 Pyxis of 

Pimpernel {Anagallis) Fig 601 Capsule of a species of Scrophulai la, 

deliisciug septicidally 

2. The Sihqua is a superior, spuriously two -celled, many- 
seeded, long, narrow fruit, dehiscing by two valves which separate 
from below upwards, and leave thd seeds attached to two 
parietal placentas , these are commonly connected together by a 
spurious vertical dissepiment, called a repkim {fig, 663). The 
placentas are here opposite to the lobes of the stigma, instead of 
alternate with them, as is usually the case. Examples of this 
fruit are afforded by the Wallflower {fig, 568), Stock, Cabbage, 
and a large number of other members of the order CrucifereB, 

The siliqua is sometimes constricted m the spaces between 
the seeds, like the lomentum, m which case it is mdehiscent , 
it IS then called a loinentaceom 9^hqua, Baphanua sativuah&s 
a siliqua of this description. 

8. The Sthcula, — This fruit resembles the siliqua very 
closely, but it usually contains fewer seeds. The ailtqua may 
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be described as long and narrow, the sthcMla as broad and 
short. Examples occur in the Shepherd’s Purse (Jiq 564) and 
Scurvy-grass. 

The silicula and siliqua are the characteristic forms of fruit m 
the Natural Order Crucifer cb 

4 The Diplotegia,— This is the only kind of mfeiior fruit 
which presents a dry dehiscent pericarp. It has already been 
stated, under the head of Capsule, that the diplotegia differs from 
the latter only in being inferior The species of Iris (fig 562) 
and Campanula (figs 530 and 531) afford examples of this fruit 

Fig ,564. 


Fxg 5G2 Inferior capsular 
fruit {dxplotcgia) of tlio Ins, 
o|>eiung in a loculicidal 

manner Fig 563 Emit 

or siliqua of the Wall- 
flower, showing the separa- 
tion of the two valves from 

the replum Fig 664 

Silicula of Shepherd’s Purse 
{Capsella) 



Fig 563 



The diplotegia may open either by pores (fig 530), or valves 
(fig, 562), or transversely, like the ordinary capsule. In the 
latter case, as with the true capsule with transverse dehiscence, 
the fruit IS called a Pyxis 

5. The Cone , — As we have seen, the pistillate flower of the 
ComfercB has the form of an axis bearing a number of leaves 
arranged spirally along it, each being regarded as an open carpel 
with two ovules on its upper surface. When it becomes old the 
carpels are hard and woody, and each bears two naked seeds 
(fig, 475). Each cone is then a single fruit. Examples are 
afforded by the Scotch Fir (fig, 565), the Larch, the Hemlock 
Spruce (fig, 275), and a great many other plants of the same 
Natural Order. The dehiscence isibrought about by the carpel- 
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l.n \ s(m1( s fioni llu avis loi a i^k d part of then 

l( so til it llu sc kIs 1 ill iioin 1)( t\\ t < n tlu iii 

() Thi (idlbitJns This Iniit is but «i niodihcatioii of the 
Cone, (hill mii> in hem" ihok' oi l(‘ss rounded in form instead 
of SOUK whit conical, and in ha\iii" tlu lu ids ot tlu sialis 
much ( nlai^u^d and peltate m foim, witli tlu si t dson tlu ii muh i 
smfaee It is home by the Cypress {fiq 567) and the Jumper 
{Juj 566) In the latter the scales become fleshy, and arc 
united together into one mass, so that at first sight it somewhat 
1 esembles a berr^v , but its nature is at once seen by examining the 
apex, when three ladiating hues will lx ohs( i\(‘d, coirespondmg 
to the three fleshy scales of A\hich the liiiit is formed, and which 
aie here but impel fectly united 

Fig 565 Fig 567 Fig 568 

Fig 566 


I K! '■)(.) ( OIK oi ti lilt of t1n ''•olihFir - ~hi<i At »• < . illiiilii'. (11 flint of 
tlx )mn|iii { / II I o/ii/iint/is) Fm !>fi7 (iillmhuoi Iniit ol tlx 

( s Jii ( 'S {< Kjn s us s III/) t i n ! ns) /hi 'iXS S( , ([ df tlu \ < w ( /a i m 

haiiatn) '•iinonixli <1 1)\ tli'lo ml 

The so-called fruit of the YVw (Tn ins /xddifa) ( /o/ 5(«H) is 
in reality not a fruit at all , it consists ol i ink< d si ( d sun omuh d, 
except at the apex, by a flesin i uj) whu li is m ml 

B Spurious Fruits 

1 The m —There arc several varieties of this form 
In all of them the bulk of the fruit is composed of .m i iihiiged 
receptacle or thalamus on winch the carpels m st did The 
true fruits of lianuuciilnSf ^h\ch. acluius .m jiKu i d on .1 
dry convex receptacle which is not mudi iidaigid, tlu' 
receptacle of tlu Stiawbcrry is enlarged, coum \, siu i u!( iif, nul 
brightly colouii d , those of Potentilla and somi otlu 1 iiu nilu is 
ot the oidei liosacece are enlarged but not succulent 

In the fruit of the Bose the achienia, instead of being placed 
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upon an elevated thalamus, as in the ordinary etserio, are situ- 
ated upon a concave thalamus, to which the calyx is attached 
{fig, 285, r, r) This modification of the ordinary etaerio has 
been considered by some botanists a separate fruit, and they 
have given it the name of Cynarrhodon A similar kind of fruit 
also occurs m Calycanthm 

2 The Pome is an inferior, mdehiscent, two- oi more celled, 
few-seeded, fleshy fruit, the carpels of which are surrounded bj^ 
a fleshy mass, consisting of the succulent concave thalamus, 
m which they are embedded The pome thus resembles the 
cynarrhodon, except that the carpels and the thalamus are fused 
together The carpels themselves are fleshy or bony In the 


Fig 569 


Fig 570 


Fig 571 



Ftg 569 Etfeno of the Strawbeny, consisting of a s\\ollen succulent 

receptacle on which are a number of aohenes Ftg 570 Etrorio of the 

Raspberry Fig 571 -Vertical section of the pome or fruit of the Apple 

(Fvnit MaJus) 

former case each has a differentiated endocarp which is carti- 
laginous m character; m the cavity of each carpel is a single 
seed Examples may be seen m the Apple {fig 571), Pear, 
Quince {fig 299), Medlar, and Hawthorn 

C Anthocarpous or Aggregated Fruits. 

The fruits so far desciibed aie derived from single flowers 
Those treated of under this section are the result of the fusion 
of several flowers together, whose caipels, floral envelopes, and 
bracts all become coherent into a single mass The latter may 
be either woody or succulent. An anthocarpous fruit is thus 
the product of an inflorescence and not of a single flower. 

1 The Sorosts , — In the construction of this finiit we find a 
number of separate flowers become coherent with the axis 
from which they spring. The whole mass becomes m some 
cases succulent, in others woody. Jfhe first case is represented 
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by the Pineapple (flq 574) , each polygonal area marked upon 
its exterior represents a flower The Mulberry {fig 572) affords 
another instance, the succulent part being mainly the calyces of 
the constituent flowers A comparison of th(^ Mulberry may be 
made with the Raspberry (fig 573) The former is a poly- 
thalamic or aggregated fruit, the latter a monothalamic one 
The succulent portion of the Mulberry is derived from the 
calyces of a group of flowers, that of the Raspberry from the 
drupelets of a single one The two fruits, though constituted 
on such different plans, yet present a certain superficial resem- 


Fig 572 . Fig 574 



Ftq 572 Sorosis or fruit of tlie Mulberry {Moru% nigra) Fig 57 i Fruit 

(etcerto) of the Easpberry (Rtihus Jdoem) Fig 674 Pineapple fruit 

(Sorovi), surmounted by a crown of empty bracts 

blance The fruit of the Plane tree is constructed in a similar 
manner, but the very numerous flowers and their axis all become 
woody The resulting fruit is globular in form. 

2 The 8y conus — This is an anthocarpous fruit, formed of an 
enlarged and more or less succulent receptacle which bears a 
number of separate flowers The Fig (fig, 575) is an example 
of a syconus. In this the flowers are almost entirely enclosed 
by the enlarged hollow pear-shaped receptacle, and what are 
commonly called seeds are in reality one-seeded fruits resem- 
bling achsema Dorstemd (fig, 676) supplies another example 
of the syconus, although it differs a good deal from that of the 
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Fig in its general appearance , the receptacle is less succulent, 
and only slightly concave except at its margins, so that the 
separate fruits are here readily observed 

The Seed 

We have seen that the seed is a structure which is peculiar 
to the group of Phanerogams or flowering plants, and have 
discussed the causes which lead to its formation There ate 
several morphological features of importance connected with it 
which still remain for us to consider. As the seed is the body 
produced from the ovule in consequence of fertilisation, we see 
that its structure must be comparable with that of the latter 

Fig 576 Fig 676 



Ftg 676 Sj conus of the Fig (Ftcus 
Carica), showing pear-shapetl fleshy 
receptacle bearing achenes on its inner 

surface Fig 676 Sy conus of a 

species_of Dorstenia 

It IS, however, much more complex because it contains the 
whole of the gametophyte of the plant, together with the new 
sporophyte to which the latter gives origin The latter is the 
body commonly called the embiyo We may have thus three 
distinct generations represented in the seed 1 The megaspore 
and the remains of the original megasporangium, or the nuoellus 
of the ovule with its integuments. The latter are frequently the 
only part of the sporangium remaining, the nucellus itself having 
disappeared. 2. The gametophyte, consisting of a mass of tissue 
of variable dimensions developed inside the spore or embryo-sac. 
In the Angiosperms another mass of tissue is formed after the 
fertihsation of the oosphere. This was till recently held to be 
part of the gametophyte, but its rea^morphological nature is now 
uncertain. This agam is frequently very mtich reduced in dimen- 
VOL. I. s 
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sions, or it may be altogether absent, having been partially or 
entirely absorbed by the embryo. 3. The new sporophyte, or 
embryo, which may be small and embedded in the endosperm, or 
may be large, filling the embryo-sac, having absorbed the garneto- 
phyte and the endosperm during its development. If the 
nucellus also has been absorbed during the growth of the 
embryo-sac, the seed may present to view only the embryo 
enveloped in the modified original integuments of the mega- 
sporangium or o\ule. 

The terms orthotropous, campy loti opoua, anatroyous^ &c , 
are applied to seeds in the same sense as to o\ulos 

Structure of the Seed. — 1 The Integuments or Coats — 
There are usually two seed-coats or integuments, known re- 
spectively as the testa and the teqmen In 
some cases a third is found, not so closely 
attached as the others to the body of the 
seed This is known as an arillus. It may 
spring from either the funicle or the hilum 
a Testa, Episperm, or Outer Coat 
{fiq 577, te) — This integument *is formed 
from the primme of the ovule ; that of some 
seeds, e g those of Acanthodium, has 
in addition a coating of hair-like cells 
which are pressed closely to the surface of 
the seed by a layer of mucilage, if such 
seeds be moistened with water, the muci- 
lage which confines them becomes dis- 
solved and the hairs are set free, and 
then branch out in every direction. 

Colour, Texture, and Surface of the 
Testa — In colour the testa is generally 
brown, but it frequently assumes other 
colours , it may be uniform m tint, or 
variously mottled. 

The testa also vanes in texture, being soft or fleshy 
and succulent, or more or less spongy, or membranous or 
Coriaceous, or it may become woody and hard. 

Its surface is generally smooth, but is often furnished with 
different appendages, many of which are characteristic It may 
be wrinkled (Ntgella), stnated {Ntcotzcma), marked with ridges 
and furrows (Delphtmum, fig 579), netted (Nasturttum, 
fiq, 578), alveolate or pitted (Fapaver), tuberculated (Stella/na 
media, fig, 580), or spiny (Afom«). The testa of some seeds 


Fig 577 



Fig 677 The seed of a 
Pea with its integu- 
ments removed on one 
side pi Placenta / 
Funiculus rap Raphe 
ch Chalaza m Micro- 
pyle te Testa or epi- 
sperra e Endopleura 
or tegmen The part 
within the endopleura 
is commonly called the 
nucleus of the seed, 
and is formed of coty- 
ledons, c , gemmule or 
plumule, g , radicle, r , 
and stalk or tigellum, 
f, between the plumule 
and radicle 
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bears n\imerous hairs, those of the \arious species of Gos- 
sypium covei the entiie surface, where they constitute the 
material of so much value called Cotton , those of the Willow, 
Asclepias {fig 58^), and Epilohmm {fig 687), are confined to 
certain points of the surface In the latter cases the tufts of 
hairs, thus confined to certain points of the testa, constitute 
what is called a coma, and the seed is said to be comose 

Other seeds, particularly those of the Sandwort (fig 681), and 
of Catalpa^ Btqnoma^ Simetema^ Mormga^ &o , have winged 
appendages of various kinds These winged seeds must be 
carefully distinguished from samaroid fruits, such as the Ash, 
Elm, and Maple {fig 541), where the wing is an expansion of the 
pericarp and not of the testa Hairy seeds should not be 
confounded with pappose fruits, such as those of the Composxtce^ 


Fig 578 Fig 579 Fig 580. 



F%g» 678 Bounded seed of the Watercress {Nasturtium officinale) The testa 

ia reticulated or netted Fig 679 Obovoid seed of the Larkspur 

{Delphinium)^ the testa of which is marked with ridges and furrows 

Fig 680 Seed of duckweed {SteJlaria)^ the testa of which is tuberculated 


Dxpsacece {fig, 294), and Valerxanacece {fig, 293), where the 
hairy processes belong to the calyx. 

Beneath the testa, m anatropous seeds (figs 683, r, and 
677, rap), and the modification of these termed amphitropous, 
we find the raphe or vascular cord connecting the hilum 
with the chalaza. Its situation is frequently indicated by a 
projecting ridge on the surface of the seed, as in that of the 
Orange, while at other times it lies in a furrow formed in the 
substance of the testa, so that the surface of the seed is smooth, 
and no external evidence is afforded of its position. 

The testa is also usually marked externally by a scar indi- 
cating the hilum, or point by which it was attached to the funi- 
culus or placenta. The micropyle of the Pea, as already 
noticed, may be sometimes seen on the surface of the testa 
ifig, 677, m ) ; in those oases where no micropyle can be de- 
tected externally, its position can only be ascertained by disseo- 
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tion, when it will be indicated by the termination of the radicle, 
this being directed towards it In some seeds, as those of 
Asparagus^ the situation of the micropyle is marked by a small 
hardened point, which separates like a little li^ at the period of 
germmation this has been termed the embryotegia 

On removmg the testa the raphe can frequently be seen 
ramifymg over the inner coat, and terminating at the chalaza 
{figs 688, c7i, and 577, c7t) The structure and general appear- 
ances of these different parts have been already described. 

b Tegmen^ Endopleura, or Internal Coat (fig 577, e) — 
The inner membrane or coat of the seed is sometimes 
apparently wanting, probably from its complete adherence to 
the testa 

Fig 583 



Ftg 681 Marginate or bordered seed of Sandwort {Arenaria) Ftg 682 

Comose oval seed of Asclepias Fig 683 "Young anatropous seed of the 

White Water-lily {Nymphcea alha) cut vertically p Funiculus a. A, 
Gelatinous aril t Integuments of the se(ki n Nucellus n Raphe 
ch Chalaza m Micropyle s Embryo-sac k Rudimentary emhrjo 


When clearly distinguishable it is generally of a soft and 
delicate nature, of a whitish colour, and more or less trans- 
parent. It is closely applied to the kernel of the seed, which 
it accompanies in all its foldings and windings, in some 
cases it even dips down into the latter, and thus divides it more 
or less completely mto a number of parts. Examples are 
afforded by the Nutmeg and Betel-nut (fig 689, p). 

Anllua. — ^A third covermg, known as the a/nllm or emZ, 
18 occasionally developed. It is always found more loosely 
arranged than the true integuments, and generally extends only 
partially over them {fig, 688 a, that of the Yew forms an open 
cup. It grows from the ba8|| of the ovule, eunsing subse- 
quently to the accomplishment^f the process of fertilisation. 
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It IS not infrequent to find outgrowths from various parts of 
the testa which may be confused with the aril Such an out- 
growth, arising from the region of the micropyle and spreading 
backwards to sowe distance over the testa, sometimes indeed 
covering the seed, has been called a false aril or arillode 
An instance of it is afforded by the Spindle-tree {fig, 584) 
The Nutmeg has a similar outgrowth which is generally de- 
scribed as an aril , it originates, however, from both the hilum 
and the micropyle It forms a scarlet covering to the seed, and 
18 known in commerce under the name of mace 

Protuberances of an irregular character are often developed 
from other parts of the testa. They are known as Caruncules 
or Strophtoles They are always developed, like the arillus 
and arillode, subsequently to fertilisation, and are accordmgly 


Fig 584 

12 3 4 



Fig 684 Progressive development of the arillode in the seed of the Spindle- 
tree ( Euonymus) a Arillode / Funlouhis 1 represents th youngest 
seed , 2 and 3, the progressive development of the arillode , 4, the oldest 
and fully devtlope<i seed 

not found on the ovule. The Milkwort [fig, 685) bears such 
outgrowths at the base or hilum of the seed, the Asarabacca 
(fig, 686) and Violet have them on the side, in a hne with the 
raphe , while those of the Spurge are placed at the micro- 
pyle Some writers consider these caruncules as forms of the 
aril, of which they then distmgmsh ^ur varieties, namely : — 
1. The true arillus (Nympheea, fig 683, a, a) , 2. The 
arillode or micropylar arillus (Euonymus^ fig, 584) , 8. The 
raphian arillus (Asa/rum^ fig 686) , and 4 The chalazal 
arillus (Epilohium, fig, 687, where the tuft of hairs at one 
end of the seed is regarded^ as an aril). Other writers again 
partially adopt these views, and define the caruncules as httle 
protuberances growing from the raphe, and therefore originating 
mdependently of the fumeulus or micropyle. According to this 
view the caruncule of the Milkwc^ would be legarded as a true 
aril, and that of the Spurge as an arillode, while the appendages 
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of Asarabacca and Violet would be true caruncules Other 
botanists again, instead of using the two terms strophioles and 
caruncules as synonymous with each other, apply the former 
term only to the outgrowths proceeding from the hilum, and the 
latter to those coming from the micropyle. 

2. The Kernel — We have seen that the substance of 
the seed is morphologically very complex m its nature We 
may or may not have the substance of the nucellus or part 
of it remaining Generally this is all absorbed during the 
growth of the megaspore In the seed, when present, it has 
received the name of the peris'petrti We have next tbe embryo- 


Fio 585 



Fia 587 



F%g 686 Ovoid seed of Milkwoit with a cariincule at its base 

or hilum Fig 68o Seed of Asarabacca with a carunciile on 

the side, wIik h is called by some a raphian arillus Fig 687 Section of 

the oomose seed of EpUobium The tuft of hairy processes is sometimes 
called a chalazal arillus 


sac or megaspore. In this there may be a solid mass of 
tissue, known as the endosperm, which m the Gymnosperms is 
the gametophyte In the Angiosperms it is a mass of tissue 
developed after the fertilisation of the oosphere. Embedded 
m the endosperm is the body produced by the develop- 
ment of the fertihsed oosphere, which is called the embryo. 
In other cases the embryo, by absorbing the nourishment con- 
tained m the endosperm, obliterates the latter and comes to 
occupy the whole interior of the embryo- sac Then the kernel 
of the seed consists of the embryo or young sporophyte, which 
m rare cases is surrounded by a layer of perisperm, but is 
generally only covert hy %he integuments. 

To the tissue whicn thus sometimes remams and forms a 
sohd mass round the embryo, the name of albumen has been 
commonly applied ; but it is pflSerably designated as the pen- 
sperm or endosperm^ according tp its ongm as described above. 
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Both endosperm and perisperm may be seen in the seeds of 
Nymphcea (figs 683 and 588) 

From the above considerations it will be evident that the 
kernel of the sce(| may consist either of the embryo alone, as m 
the Bean and Pea (fig 611 ) , or of the embryo enclosed in endo- 
sperm, as m the seeds of the Poppy (fig 601), Pansy (fig 600, 
al), Oat (fig, 691), or in both endosperm and perisperm, as in 
those of Nymphcea (fig 588) We have therefore two con- 
stituents of the kernel namely, the embryo and the albumen, 
the latter being composed of endosperm or perisperm, or both 

a. Albumen^ Endosperm^ Pertsperm — Those seeds which 
have the embryo surrounded by albumen, that is, by either endo- 
sperm or perisperm, or both, are said to be 
albuminous , while those from which it is 
absent are exalbuminous The amount ol 
albumen will in all cases, as described above, 
be necessarily m inverse proportion to the 
size of the embryo. 

The cells of the albumen contain various 
substances, such as starch, albuminoids, oily 
matter, &c , and thus act as reservoirs of 
nutriment for the use of the embryo during 
the process of germination The varying con- 
tents of the cells, together with certain differ- 
ences in the consistence of their walls, cause 
the albumen to assume different appearances 
when the seed is ripe, and thus frequently to 
afford good characteristic marks of different 
seeds The albumen is described as mealy, 
or farinaceous, when its cells are filled with 
starch-granules, as m the Oat and other Cereal grains ; it is said 
to hQ fleshy, QB m the seeds of the Barberry and Pansy, when its 
walls are soft and thick , when its cells contain oil globules, as 
m those of the Poppy and Cocoa-nut, ft»>is oily ; when the cells 
are soft, and their walls chieffy formed of mucilage, as in those 
of the Mallow, it is mucilaginous , and when the cell-walls 
become very thick and hard, as m the seeds of the Vegetable 
Ivory Palm and the Coffee plant, the albumen is described as 
horny. 

Generally speaking, the albumen presents a umform appear- 
ance throughout, as m the seeds of the Vegetable Ivory Palm ; 
but at other times it is more or le#s separated into distmct 
partments by the folding inwards of the tegmen, as already 


Fig 588 



Ftg 688 Vertical 
section of the seed 
of the White W# 
ter-lil> , showing 
the embryo en- 
closed in the re- 
mains of the em 
br> o sac, and on 
the outside of this 
the perisperm sur- 
rounded by the 
integuments 
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described In the latter case the albumen is said to be 
ruminated^ as in the seeds of the Betel-nut ( fig, 589, p) 

b The Embryo is the rudimentary plant, it is developed 
from the fertihsed oosphere in the embryo -i^c The embryo 
being the rudimentary sporophyte, it is necessarily the most 
important part of the seed, and it contains within itself, m 
an undeveloped state, all the members of which the plant is 
ultimately composed We can distinguish in it thiee parts 
namely, a radicle, a plumule, and one or more cotyledons. These 
parts may be readily recognised m many seeds , in the embryo 
of the Lime {fig 590), the lower portion, r, is the radicle, from 
which the root is developed, the two expanded lobed bodies 
above, c, c, are the cotyledons, and between these the plumule 
IS placed In the Pea {fig 16), the two fleshy lobes, c, c, are 
the cotyledons, between which there is situated a little axis, 
t (Itgellum), the upper part or biid-like portion of which is the 
plumule, n, and the lower part, r, the radicle 

The great group of the Angiospermous flowering plants is 
subdivided into two smaller ones , in the first of these, known 
as the Dicotyledons, the embryo has two cotyledons , in the 
other, called the Monocotyledons, it has typically only one 
{figs 591 and 593, c) In some exceptional cases, however, the 
embryo of a plant classed among the Monocotyledons has more 
than one cotyledon , the second cotyledon then alternates with 
the first instead of being opposite to it, as is invariably the case 
with the two cotyledons of dicotyledonous plants The phyllo- 
taxis of the Monocotyledons, as exhibited m the embryo, is thus 
always alternate, while that of the Dicotyledons is opposite in 
the Gymnospenns there are often several cotyledons, so that the 
embryo is described as polycotyledonous. 

(a) The MonocotyJedonous Embryo , — The parts of the mcxElOf^ 
cotyledonous embryo are m general by no means so a^l^brent 
as those of the dicotyledonous. The embryo usually s^^ears to 
be a solid undivided bod^ of a cylindrical or somewhat club- 
shaped form, as m the seed of Triglochin {fig, 598), havmg a 
little chink, /, on one side near the base. If a vertical section 
be made parallel to this slit, a small conical projection, the 
plumule, will be noticed, by making a honzontal section, the 
cotyledon can be seen |o b^ folded roimd the plumule, which 
IS thus almost entirely removed from view. There is noticeable 
a little slit corresponding to the union of the maigins of 
the cotyledon ; this slit becomes jm external indication of the 
presence of the plumule. The position of the cotyledon thus 
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rolled round the plumule is similar to that of the sheaths 
of the leaves in most monocotyledonous plants, which, m a 
similar manner, enclose the young growing parts of the stem. 

In other moncjpotyledonous embryos the different parts are 
more easily seen. The cotyledon of many Grasses, as, for 
instance, the Oat 591), only partially encloses the plumule, 
and radicle, r , and these parts may therefore be readily 
observed in a hollow space on its surface 


Fig 589 Fig 591 Fig 592 Fig 593 



Fig 689 Yectical seotfon of the fruit of the Betel uut Palm {^Arecu Catechu\ 
c Remains of perianth / Pericarp p Ruminated albumen of the seed 
e Embiyo— — 69 j Embryo ot the JAmo-tree {Ttlia europcea) c, c 
Cotyledons, each with five lobes arranged in a palmate manner r Radicle 
Fig 691 Section of the fruit of the Oat p Plumule » Radicle 

a Scutellum /’if?. 592 Germinating embryo of the Oat » Rootlets 

coming through sheaths, co c Ootyl^on g Young stem Fig 693 

Embryo of Triglochin r Radicle / Slit corresponding to the plumule 
c Cotyledon • 

A peculiar development of part of the cotyledon, called the 
scutellum (fig, 591, «), separates the embryo from the endosperm 
m the seed of the Grasses. 

The mfehor extremity of the radicle is usually rounded (fi>g, 
593, r), and it is through this point that the rootlets, r, burst 
m germination (fig, 592^. The radicle is usually much shorter 
than the cotyledon, and generally thicker and more sturdy ; but 
in some embryos it is as long as latter, or even bnger, m 
which case the embryo is called 
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(b) The Dicotyledonous Embryo — These embryos vary 
generally in form those of the Bean and Almond (fig 594) 
are more or less ovoid , the embryo consists of two nearly 
equal cotyledons, c, between which lies a smaUaxis or tigellum^ 
t, the upper part of which, g^ is the plumule, and the lower, r, 
the radicle. The lower part of the tigellum upon germination 
appears as a little stalk, supporting the cotyledons , it is termed 
the hypocotyledonary axis, or hypocotyl The lower part of 
the plumule forms the epicotyl 

In the great majority of cases the two cotyledons are of nearly 
equal size, as in the Pea (jig 16, c, c), but in the embryos of Trapa, 
some Hircaas, &c (fig 595, c', c), they are very unequal Again, 


Fig 694 Fig 697 



Ftff 694 The embryo of the Almond (Prunus Amygdaltis), from which 
one of the cotyledons has been removed c The cotyledon which has 
been left r Radicle g Plumule I Tigellum c' Scar left by the 

lemoval of the other cotyledon Fig 696 Vertical section of the 

embryo of a species of Hirasa c' Large cotyledon c Small cotyledon 

g Plumule r Radicle Ftg 696 Vertical section of the embryo of 

Carapa guianensts^ showing the almost complete union of the cotyledons, 

the line, c, only dividing them r Radicle g Plumule Fig 697 The 

embryo of Pekea hulyrosa t Large tigellum c Rudimentary cotyledons. 


while the cotyledons usually form the greater part of the embryo 
(jig 16, c, c), in other instances, as m the seeds of Pekea hutyrosa 
(fig 697, c), they form bi4 a small portion In those of Carapa 
(fig. 696), again, the two cotyledons become united more or less 
completely into one body, so that the embryo appears to be mono- 
cotyledonous , but its nature is readily ascertained by the different 
position of the plumule in the two cases , in the true monocotyle- 
donous embryo the plumule is situated laterally (fig 691, p) , but 
here (fig 696, g) it is between the cotyledons. The embryos of some 
parasitic plants, e g Cuscuta, have no cotyledons. 

When no albumen is present in the seed the cotyledons are 
usually thick and deshy, as those of the Bean and Almond (fig. 594) , 
in albuminous seeds they are thin^and fohaceous, as those of the 
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Lime (fig 590, c, c) Foliaceous cotyledons are frequently provided 
with veins, and stomata may be also sometimes observed in tbeir 
epidermis, but these structures are rarely to be found in fleshy 
cotyledons Flesl^ cotyledons serve a similar purpose to the 
albumen, by acting as reservoirs 
of nutritious matters for the 
use of the young plant during 
germination , hence, when the 
albumen is absent, the cotyle- 
dons are generally proportion- 
ately increased in size 

The cotyledons of dicotyle- 
donous plants are commonly 
sessile, and their margins are 
usually entire, but exceptions 
occur to both these characters , 
those of Qeramum molle (fig 
699, p) are petiolate , those of 
the Lime (fig 590, c, c), and 
those of tl^e Geranium (fig 699, 
c) aie lobed Their positions relatively to each other also vary 
Generally, they are placed parallel, or face to face, as in the Almond 
(fig 594), Pea (fig 16), and Bean, but they frequently depart widely 
from such a relation, and assume other positions Each of the^ 
cotyledons may be either rechnate^ conduphcate, convolute, or cir- 
cinate. These are the commoner conditions, and in such instances 


Fig 598 



Fig 599 

Ftg 598 Ihe so called 
polycotyledonous em- 
bryo of a species of 
Ptnus beginning to 
germinate c Cotyle- 
dons r Radicle t 

Tigellum Ftg 699 

The embryo of Gera- 
nium molle e Coty- 
ledons, each of which 
IS somewhat lobed, 
and furnished with a 
petiole, p r Radicle 


Fig 600 Fig 601 Fig 602 



Ftg 600 Vertical section of the seed of thePAsy or Heartsease h Hilum 
pi Embryo with its radicle, r, and cotyledons, co ch Chalara. al 

Albumen ra Raphe The embryo is erect or homotropous Ftg 601 

Vertical section of the seed of the Poppy, with the embryo slightly 

curved in the axis of lUbumen Fig, 602 Vertical section of the se^ of 

Buntas, showing its spiral embryo 

both cotyledons are either folded or rolled m the same direction, so 
that they appear to form but one body , or m rare cases they are 
folded m opposite directions, and become equitant or obvolute; 
sometimes other still more complicated arrangements occur 

The position of the radicle in relation to the cotyledons is also 
liable to much vaiiation. The radicle may follow the same direction 
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as the cotyledons, or a different one In the former case, if the 
embryo is straight, the radicle is more or less continuous in a straight 
line with the cotyledons, as in the seeds of the Pansy (fig 600, r) , 
if, on the contrary, the embryo is curved, the radicle is curved also 
(fig bOl) , the curvature of the radicle of Buntas (fig 602) is so 
great that a spiral is formed Where the direction of the cotyledons 
and radicle is different, the latter may form an acute, obtuse, or right 
angle to them , or be folded back so as to he parallel to the cotyledons, 
in which case the radicle may be either applied to their margins, as 
in the seed of the Wallflower (fig 604, r), when the cotyledons are 
said to be accumhent , or against the back of one of them, as in that 

of Isahi (fig 603, r), when they are 
termed incumbent 

Relation of the Embryo to the 
other Farts of the Seed, and to the 
Fruit — It must necessarily happen 
that when albumen is present, the 
size of the embryo is in inverse 
proportion to it , in the seeds of 
Grasses (fig 591) we have a large 
deposit of albumen and but a small 
embryo, while in those of the Nettle 
(fig 605) the embryo is large and 
the albumen very small The em- 
bryo may be either external to the 
albumen (figs 591 and 608), and 
thus in contactwith the integuments^ 
as in the seeds of Grasses, in which 
case it is described as external, 
or it may be sui rounded by the 
albumen, except on its radicular 
extremity, as in the Pansy (fig 600), when it is internal 

The embryo is axial when it has the same direction as the axis 
of the seed, as in those of the Pansy (fig 600, jpZ), when this con- 
dition is not found, it is abaxile or eccentric, as in those of Rumex 
(fig, 606, pi). In the lattei^case, the embryo is frequently altogether 
on the outside of the albumen, and directly below the integuments, 
as in the seeds of Mirabilis Jalapa (fig 607, e) and Lychnis 
(fig 608, emb), when it is descnbed as " periphencal 

We have already observed that in a straight embryo the radicle as 
a rule is turned towards the micropyle (fig, 606, r), and the cotyle- 
donary extremity is then directed to the chalaza, ch Some apparent 
exceptions to these relative positions occur among the Euphorbiacece 
and a few other plants ; but such are merely accidental deviations 
arising from certain irregularities in the course of the development 
of the parts of the s^d. ^ 


Fio 603 Fm 604 



Ftg 603 Inouiubeut embr>o of 
the Woad (^hatu \tmcto‘)ta) 

1 Undivided 2 Horizontal 

section c Cotyledons r Ra- 
dicle Ftg t»U4 Accumbent 

embryo of the 'Wallflo\ver(C%<'<r- 
anthua Chetrt) 1 Undivided 

2 Honzonta] section r Radicle 
c Cotyledons 
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While the relation of the radicle and cotyledonary portion is thus 
seen to be generally constant, it necessarily happens, from the vary- 
ing relation which the hiltim bears to the micropyle and chalaza, 
that its relation to the radicle and cotyledonary portion of the embryo 
must also Vary In orthotropous seeds, as those of Bumex (fig 606), 
the chalaza and hilum coincide with each other , the radicle is turned 
towards the apex of the seed, and the cotyledonary portion to the 
chalaza and hilum , in this case the embryo is said to be antitropous 
or inverted (figs 476 and 606) In anatropous seeds, as those of the 
Pansy (fig^ 600), where the micropyle is contiguous to the hilum, 7 j, 


Fig 606 



Fig 606 Vertical section of the fruit of the Nettle, containing a single 
seed t Integuments of the seed pi Placenta r Radicle %t Stigma 
Fig 606 Vertical section of the fruit and solitary erect orthotropous 
seed of the Dock (liumex) ov Pericarp mic Micropyle pi Embryo 
which is inverted or antitropous, and turned towards one side of the albu- 
men, alb ch Chalaza r Radicle Fig 607 Vertical section of the 

carpel of Miiahilis Jalapa, containing one seed a Pericari) s Style 
e Peripherical embryo with its radicle, r, and cotyledons, c p Albu- 
men t Integuments of the seed Fig 608 Vertical section of the seed 

of Lychnis dioica te Integuments emb. Embryo on the outside of the 
albumen, alb The embryo is amphitropous and periphencal 

and the chalaza, cTt, at the opposite extremity, the radicle, r, points 
towards the hilum or base of the seed, ana the embryo is said to be 
erect or homotropous. In a campylotropous seed, where the chalaza 
and micropyle are both near to the hilum, as in those of Lychnis 
{fig, 608), the two extremities of the embryo, which in such oases is 
generally periphencal, become also approximated, and it is said to be 
amphitropous. When we wish to know the direction of the embryo 
it is at once determined by ascertaining the position of the hilum, 
chalaza, and micropyle 

We have now, lastly, to explain the different terms which are in 
use to express the relations which theJimbryo bears to the cavity or 
cell in which it is placed The radicle is said to be mperwr or 
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ascending y as in the seeds of the Nettle (fig, 605, r) and Bumex 
(fig 606, r), when it is directed towards the apex of the cell or peri- 
carp , inferior or descending when it points to the base, centripetal 
if turned inwards towards the axis or centre , and centrifugal when 
it IS turned towards the sides These relations of the embryo to 
the other parts of the seed, and to the cavity or cell in which it is 
placed, are sometimes of much practical impoitance 

(c) The PolycotyledonouB Embryo — In the seeds of the 
Gymnosperms, as already mentioned, there are often several 
cotyledons, and this may occur either as an irregular character, 
or as a regular condition, as in those of many members of the 
ConifercB (fig 698, c), where we frequently find six, nine, or even 
fifteen , hence such embryos have been iormed poly cotyledonous. 
In all cases where the number of cotyledons is more than two, 
they are arranged m a whorl (fig 698, c) Taxus, the Yew-tree, 
has only two cotyledons 



BOOK II 

ANATOMY OF PLANTS 


CHAPTER I 

THE VEGETABLE CELL 

If we study the life-history of the simplest or the most complex 
plant with which we can become acquainted, we find that at 
some timfi or other m its existence it is found m the form of a 
minute portion of jelly-like substance, m some cases motile, m 
others incapable of locomotion The zoospores and zoogomdia 
of the Algse exhibit this 

structure The gametes Piu 609, 

which are developed up- 
on the filamentous Sea- 
weeds are also such little 
naked masses In the 
lowest plants, such as 
Ulothrix (fig 609), these 
are ovoid bodies, furnished 
with long narrow appen- 
dages, by means of which 
they swim actively about 

in watfir Tbn lallv likfi 609 Part of a filament of Ulothrix from 
m water J ne jeiiy-UKe gametes, g, are escaping Free 

substance of which they gamete gr*, Gametes conjugating 
are composed is capable 

of carrying on all the processes of their life, and is, in fact, 
the living substance, it is called protoplasm. Many of the 
small reproductive bodies already described differ from these 
free-swimmmg organisms in having the protoplasm clothed 
by a thin, almost structureless membrane, which the living 
substance forms round itself. We liave in these two parts, one 
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living, the other non-living All such structuies are known as 
cells 

When one of these cells has existed for a time, it becomes 
septated into two by the formation of a pai^tition-wall of the 
same substance as the membrane which clothes it, the septifm 
being formed by the protoplasm just as is the original mem- 
brane. Usually the two cells arising from such septation 
remain connected with each other , each m turn gives rise 
to another in the same way, and by the continuation of this 


Fig 610 



process we get a mass made up 
of a number of cells Tliese 
structural units are not, how- 
ever, completely distinct, for the 
protoplasm of each is m con- 
nection with that of its neigh- 
bour by delicate filaments which 
penetrate the septa, or cell 
walls, so that the livmg sub- 
stance of such a mass is organ 
ically continuous throughout, 
being supported by the mem- 
branes which it has formed, 
which constitute indeed a kind 
of skeleton 

A section through such a 
mass shows the appearance of 


Fig 610 Semi diagraramatic longitudinal a number of chambers, each 
section of an old and stout portion of j ^ v 

Ceramium ruhrum^ showing continuity occupied by a portion 01 the 

brtwera the protoplMmic contento of iiymg substance. It needs a 
the axial or central cells, a, at their ® 

ends , and laterally with the cortical very high magnification to dlS- 
Sm ttat^of tte tinguish the connecting threads 

threads radiating from the central mass or strands, which are of extl etQe 
in each cell After T Hick , , jzmx x 

tenuity (figs 610 and 611). in 

general, we may say theh that a plant is built up of an aggre- 
gation of such cells. 

Some plants do not always form the dividing septa, t^hat 
in them we have many pieces of protoplasm, or prote^astSf 
connected closely with one another, and having only ap^iohimon 
membrane or cell-wall surrounding the whole. Suclf^a plant- 
body 18 called a ccenocyte. Others form relatively few septa, so 
that each division of the plant-body contains many protoplasts. 
Usually each protoplast "^cupies a separate chamber In the 
higher forms subsequent changes in the character of the septa 


THE vegetable cell 


m 


give rise to very different appearances in the cells, the latter 
showing great differences in size and degree of development In 
all cases, however, they arise in the manner described, by the 
activity of the protoplasm 

We can thus see that the living substance is the essential 
part of the cell, and all other structures found in connection 
with it are only subordinate to the requirements of the proto- 
plasm • 

In the simplest forms, each protoplast discharges all the vital 
jirocesses of the plant As, however, complexity of the plant- 
body increases, there may be observed a division of labour, par- 
ticular protoplasts takmg up one, others another, duty. Some are 
particularly concerned in nutrition, others in reproduction, and 


Fig 611 



Fig 611 Contmuity of the protoplasm of contiguous cells of the endosperm 
of a Palm seed {BentvicAta) a Contracted protoplasm of a cell b A 
group of delicate protoplasmic fibrils i>assixig through a pit in the cell-wall 
(Higlily magulfled, after Gardiner ) 

SO on. This division of labour is the clue to the differences of 
structure and appearance which we find m different parts of the 
plant-mass, cells being modified m relation to the work which 
ultimately falls to their share Thus all differentiation of struc- 
ture is to be traced to division of labour. 

In the older parts of plants we find the cells consisting of 
the wall alone, the protoplasm havmg disappeared. Such cells 
are, of course, not living. 

It IS most convenient to study first the vegetable cell as it 
exists m a portion of the higher plants, such as the younger part 
of a stem or root. If we out a section of such a structure we find 
the cells all alike and all presenting ^ following features . 1. 
The luuitmg membrane or cell- wall. The contents, consisting 
VOL. I. T 
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of the protoplasm and various bodies embedded m it or sur- 
rounded by it (figs, 612-614) The protoplasm, being the 
essential part, may be examined first 
The PROTOPLASBf — In the young 



Fig 612 Ck?ll8 from the root 
of FritiUarta tmpe) talu 
h Cell-wall k' Nucleus 
k Nucleus with nucleoli 
p Primordial utricle p\p' 
Protoplasmic threads s, s 
Cell-sap cavity a', s' 
Vacuoles Aftei Sachs 


state of the cell the protoplasm fills 
it, and appears as a nearly transparent 
jelly-like material, somewhat granular 
imcharacter, and saturated with water 
This condition is only transitory, V ery 
soon, in consequence of continual ab- 
sorption of water, the cell, kept turgid 
and stretched by the internal pressure, 
increases m size , the water accumu- 
lates m drops, which gradually become 
larger, so that cavities appear in the 
substance of the protoplasm, which 
soon fuse together, forming one or 
more vacuoles filled with a fluid called 
the cell-sap In such cells )}he proto- 
plasm often forms only a lining to the 
cell- wall, the centre of the cell being 
occupied by a single large vacuole 
(fig, 612) The protoplasm thus lining 
the cell was formerly called the pr%- 


mordxal utricle 


In the substance of the protoplasm, whether filling the cell 
or not, there exists somewhere a specially differentiated portion 
called the nucleus (fig, 612, h), and frequently other less 



Fig 618 Vegetable cells A Very young B A little older, showing com- 
mencing lormatiou of vacuole p Protoplasm, n Nucleus v A vacuole. 


differentiated pcotions, cSfetmct from the mam portion of the 
protoplasm, known as plashds. The bulk of the protoplasm, to 
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distinguish it from these specialised portions, is generally called 
the cytoplasm It is not of the same consistency throughout, a 
generally firmer portion lying next to the cell-wall being known 
as the ectoplasrr^ A similar firm layer may frequently be 
detected round the vacuole The exact chemical composition of 
protoplasm cannot be ascertained, as analysis involves its death, 
and this is attended by changes in its substance. It contains 
carbon, hydrogen, oxygen, nitrogen, and probably sulphur and 
phosphorus Enclosed in it are always varying quantities of 

Fig 614 Fig 615 




Fig 614 Cells from leaf of Hodea , the arrows bliow the direction of the rota- 
tion of the protoplasm n Nucleus p Protophsra or primordial utricle, 

HI which are embedded numerous chloroplasts (x 300) Fig 616 

Two cells fiom a stamiiul hair of Tradescantm The arrows indicate the 
direction of the circulation of the protoplasm n Nucleus ( x 300 ) 

organic substances, such as proteids, ^ats, carbohydrates, and 
small portions of various inorganic salts. These various con- 
stituents are connected with the nutritive processes of the cell, 
or its metabohsm, and hence differ greatly m nature and 
amount from time to time. 

In the case of the free-swimming protoplasts with which we 
began the study of protoplasm, we see that they are m active 
movement. As the protoplasm becomes enclosed m cell- walls 
this motihty is, of course, less and less obvious. Indeed, m 
most cells it can hardly be distinguished. There is reason to 
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suppose, however, that protoplasm, wherever existing, is in 
constant motion In many of the constituent cells of even the 
higher plants this motility can be observed. In certain of the cells 
forming the leaves of many water-plants, e g VtilUmerxa^ N%tella^ 
Elodea {fig 614), and others, a streaming movement of the 
granules the protoplasm contains can be detected with ease. 
In other plants of terrestrial habit, such as Tradescanha and 
Chelidomum, a streaming of the protoplasm is observable {fig, 
616) Such movements are spoken of as rotation when the 
stream flows uniformly round the wall of the cell, or as circulation 
when the path has a more complicated course 

Somewhere in the cell there is always to be be found a 
specially differentiated portion of the protoplasm known as the 
nucleus {figs 614 and 615, n) It may he in the centre, when it is 
attached to the sides by bands or threads of protoplasm , or it may 
lie embedded in the layer which lines the cell. This body has a 
more definite structuie than the rest of the cytoplasm , it is 
bounded at the surface by a delicate membrane, which is thought, 
howe> er, to be a denser layer of the protoplasm of the, cell rather 
than to belong to the nucleus itself The latter consists of two 
substances which differ from each other m their power of stain- 
ing with different reagents The bulk of it is composed of a 
semi-fluid material known as nucleoplasm, m which is embedded 
a network of fibrils The latter are composed of a hyaline 
substance m which he close to each other a number of gianules 
or discs which stain deeply with many colouring matters The 
fibrils contain the granules m such large proportion that except 
with very high magnification the latter cannot be distmguished, 
and consequently the whole fibril appears stained These fibrils 
are generally said to be composed of chromatin, the name Mving 
reference to nothmg more than this reaction to stains 

One or more small deeply staining bodies, termed nucleoli, 
are found in each nucleus, sometimes being very prominent, and 
at other times hardly distinguishable from the nodes of the fibrillar 
network. 

Chemically the nucleus much resembles the rest of the proto- 
plasm, but, in addition to the substances found to be present in 
the latter, the nucleus contains a body known as nuclein, of 
which phosphorus is a constituent. 

Associated with the nucleus there have been observed in 
certam cases two very small bodies lymg usually side by side at 
some pomt of its margin. These are called the centrospheres. 
Each IS sphencal apd hyalme, with a distinct outlme, and con- 
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tains in its inteiior a central smaller body This is known as 
the centrosome. 

In rare cases a true cell may contain several nuclei This 
occurs in conseqiiience of direct division or fragmentation of 
the original nucleus It is seen only m old cells. 

Besides these typical constituents the protoplasm of many 
cells contains other differentiated structures, known as 'plaaUds 
These are special bodies which are charged with some definite 
function, and point to an early division of labour m the cell. 
They are of a somewhat similar structure to the nucleus, being 
formed of a fibrillar network supported by a ground substance. 
Some of them are colourless, others impregnated with different 
colours The first are called leucoplaats^ the others chloro- or 
chromoplaats^ according to their hue, the green ones or chloro- 
phyll bodies being thus distinguished from all others {fig 614). 

The plastids must be distinguished from other cell-contents 
such as will be described later They are independent bodies 
chaiged with the performance of definite functions , they always 
lie in the substance of the protoplasm, and not m the vacuoles ; 
they have a power of multiplication by division, quite apart 
from the activity of the cell-protoplasm Their shape and their 
dimensions vary extremely in different cells, but they are gene- 
rally spheroidal or discoid There seems to be but little difference 
between the chloroplast and the leucoplast, the latter being 
formed in parts to which light has no access, the former occur- 
ring in parts exposed to light In the presence of light the 
leucoplasts can develop a green colouring matter, becoming 
chloroplasts 

The colouring matters of the different plastids can be ex- 
tracted by various solvents, leaving a colourless basis. The 
green colouring matter of the chloroplasts, which is known as 
chlorophyll^ can be dissolved out by alcohol, benzol, and other 
fluids The red or brown colour of the chromoplasts of the red 
or brown seaweeds is soluble in cold mstilled water. They are 
found after removal of these pigments to contain chlorophyll as 
well. 

Chromoplasts of various colours give their tints to many of 
the brilliant floral leaves, particularly those which are yeUow 
or scarlet These are generally derived from chloroplasts, the 
leaves when young being green. 

We have seen that, at some period of their life, many of the 
lowliest plants consist cmly of a smali^void mass of protoplasm 
with two appendages or flagella at one end, tfhese flagella, like 
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the rest of the cell, are composed of protoplasm, and are espe- 
cially capable of vigorous movement, showing a certam differ- 
entiation with that object Other naked masses of protoplasm 
are not furnished with these flagella, but postess much shorter, 
more dehcate threads known as which are placed either 
all over their surface, as in the case of the zoocoenocytes of 
Vaucheria, or form a ring near one end, as m the zoospores of 
(Edogomum {fig 666, c) In many of such naked cells there 
IS a specially coloured corpuscle, usually red, known as an eye- 
spot In others a special vacuole in the protoplasm shows a 
rhythmical enlargement and contraction This is known as a 
contractile vacuole. It recalls a similar stiucture m the lowest 
animal organisms 

The Cell-wall — We have seen that in most cases the first 
evidence of the vital powei of the protoplasm is the formation 
of a membrane which surrounds it on all sides. This is known 
as the cell-wall.- It is chiefly composed of a substance known 
as cellulose^ with which in most cases other bodies known as 
pectoses are more or less closely incorporated Cellujose has a 
very complex molecule, into which only the elements carbon, 
hydrogen, and oxygen enter the latter two existing in the same 
proportion as they do in water , this body is consequently a 
member of a group of substances known as carbohydrates Its 
chemical formula is often written C^^Hj^Og, though probably it 
should be some multiple of this. Sugar and starch are other 
members of the same group. 

Cellulose is a colourless transparent substance, easily per- 
meable by water and by substances m solution m it. It can be 
stained violet by iodine m the presence of sulphuric acid or 
chloride of zinc 

The solid portion of the cell- wall contains a varying quantity 
of water. Various theories have been advanced as to the way 
m which the latter is <jpmbmed with the other constituents. 
Nageh has suggested tnat the wall is composed of rmcellcef 
or needle-shaped crystals of cellulose, arranged with their long 
axes at nght angles to the surface of the wall, and sur- 
rounded by a thin film of water According to Strasburger the 
particles of cellulose are arranged m a network, water occupying 
its meshes In either case the quantity of water is capable of 
considerable increase or diminution, and the wall can be made 
to swell up by causing it to^ imbibe more flmd. This can be 
brought about by exposmg it to the action of strong acids, such 
sts sulphuric acid. 
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A different view of the composition of the cell -wall has been 
advanced m recent years by Wiesner He holds that the sub- 
stance of cell-wall as it is first formed consists of rows of 
granular bodies ^hich he terms dermatoaomes^ which are united 
together and surrounded by protoplasm, and which ultimately 
become cellulose On this hypothesis the cell-wall is living 

Fig 616 Fig 617 Fig 618 Fig 619 



while young and growing The protoplasm thus exists between 
particles,of cellulose, and holds water m its substance. 

As the cells grow there is a continuous formation of ceUulose, 
due, like its first formation, to the vital activity of the protoplasm. 
By irregularity of growth, due to internal causes bringing about 
greater possibility of stretching in certain places, cells become of 
various forms , when the growth is uniform, or nearly so, m all 
parts of the cell -wall, wo have a spherical or rounded cell {fig 
616) , but when it is greater at the two extremities than at the 
sides, the form is oval or oblong {fig 617). In both these causes, 
also, the cells are almost, or entirely, free from external pres- 
sure. But under other cir- 
cumstances, m consequence 
of the mutual pressure of 
surrounding cells, they as- 
sume 2 i, polygonalioxm {figs, 

618 and 619), the number of 
the angles depending upon 
the number and arrangement 
of the contiguous cells. 

When growth takes place 
on all sides of the cell-wall, 
but certain spots are more 
extensible than the rest, the 
mternal pressure causes protrusiozHI* at those places, so that 
we have rays projecting from them in various directions, and 


Fig 620 Fig 621 



Ftg 620 Stellate cells Fig 621 Cylin- 

drical cells The small rounded body in 
the interior of three of these cells Is the 
nucleus 
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ley acquire a more or less regular star-like shape {jig, 620);, 
ich cells are called stellate The rays may be situated m one 
lane, or project from all sides of the cell. Such cells rarely 
ave the rays occurring at regular intervale, or all of one 
mgth, but various degrees of irregularity occui 
When the growth takes place chiefly m one direction, we 
ave cells which are elongated, either horizontally or vertically 
f the latter we have such forms as the cylindrical {jig, 621) 

Fig 622 Fig. 62.H Fig 624 



Fig 622 Elongated fusiform cells Fig 623 Pibnlliform cells (hpphcp) 

Ftg 624 Iransverse section of a thick ailed cell of the pith of 

Hoya earnosa From Von Mold Fig 626 Thick-walle<l colls from the 

fruit of a Palm a, a Cell walls 6, h Concentric layers of thickening 
c Canals extending from the central cavity to the inside of the wall 
of the cell d Cavity of the coll e, e External dotted appearance 
Prom Unger Ftg 626 ».iiated fibres from bast of Lime tree 


nd the fusiform {jig, 622) by the mutual pressure of con- 
guous cells, the latter often become prismatic. In many 
'ungi the common cell- wall of the coenocyte is elongated, very 
elicate and thread-like, and either simple or branched 
iig. 628). 

When the cell h^^ttained its full size, or m some oases 
bile it is'still in surface, its wall becomes thickened by 

le deposition of successive layers over those already formed. 
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A transverse section of niany cell-walls shows traces of this mode 
of thickening, the successive layers appearing as shells of sub- 
stance lying one upon another Such a cell-wall is said to be 
stratified {fig, 6%t and 625) Viewed longitudinally, the walls 


Fig 627 Fig 628 Fig 629 



Fig 630 



Fig 631 





Fig 627 Spiral cell Fig 628 Annular cell Fiq 629 Reticulated 

cellp Fig 630 Pitted and reticulated cell tig 631 Wood-cells of 

the Yew {Taxm haccata) After Von Mohl 

often appear covered with delicate oblnpie striations which may 
run regularly in one direction only, or may be crossed by others 
This IS due to the way in which the protoplasm deposits the new 
particles of cellulose upon the layers already existing, a succes- 

Fig 632 Fig 633 Fig 634 Fig 635 Fig 636 



Fig 632 Simple spiral vessels Fig 633 Annular vessel Ftg 634 

Reticulated vessel Fig 636 Oylmdrical scalariform vessels of the 

Vine Fig 686 Pitted tracbeYd terminating obliquely, and showing 

that the partition wall has been incompletely absorbed 

Sion of spiral bands being laid down with their edges m contact 
Such striations can be well observed m many of the elongated 
cells or fibres which form part of the iMfRpt portions of the vascular 
bundles of the higher plants (fig, 626 ). 
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It generally happens that, v^en cell-walls are being thick- 
ened, the new deposits of cellulose are not laid down uniformly 
over the surface, but instead form ridges or prominences of 
various patterns, with unthickened portioi^p between them 
The thickening may take the form of a spiral band, wmdmg 
obliquely round the interior of the cell , it may bo deposited m 
the form of rings placed regularly along its greater axis, or 
it may be laid down irregularly, giving rise to particular patterns 
upon the wall. These forms are known as spiral, annular, 
and reticulated thickenings respectively {figs 632-634) In 
other cases the thickening may extend over the greater surface 
of the wall, leaving only small unthickened spots Such a cell- 
wall is said to be pitted When two cells side by side are 
undei going thickening simultaneously, the thick and thin 


Fio 637 



Fig 637 Cells wliose walls are in process of thickening The thick and 
thin places on the separating wall correspond in position p Pits or thin 
places a Thickening deposit 

places of the separating wall correspond in position, an4 the 
pits appear as delicate canals which in some cases serve as 
means of communication between the cells (figi^. 625 and 
637). 

In the cell-walls of theVood-cells of certain trees we find pits 
of pecuhar formation, each appearing to be surrounded by a ring 
These are known as bordered pits The cells in which they 
occur are long fusiform elements, and are characteristic of the 
secondary wood of the Comferce The appearance is produced by 
circular patches of the cell-wall remaining thin after the general 
thickemng has commenced, and the nm of the thiokemng layer 
bounding them growm§^ obliquely inwards, leavmg ultimately 
only a narrow orifice in the centre; or, m other words, the 
opening of the pit into the interior of the cell ;[s narrow, and the 
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pit itself 18 funnel shaped (jf^^^639, a, 6, c) As these thicken- 
mgs always occur in pairs, that is, one on each side of the cell- 
wall, they appear as two watch-glasses would do if placed rim 
to rim, and separated by a thin sheet of paper. To carry out 
the comparison completely, however, the watch-glasses must 
be supposed to be peiforated m their centres {fig, 639, b). The 
cential spot, which appears lighter than the rest of the pit when 
examined by transmitted light, is caused by the light having to 
pass only through the thin unthickened cell-wall or membrane 
(fig 639, c, w)i while the darker colour of the border is caused 
by the light having to pass through the thicker substance of the 
rim The membrane has a separate central thickening called 
the to't U8^ which thus lies inside the pit, and is about as large as 

Fict 638 Fig 639 

c 




Fiq 638 Bordered pits of the wood cells of the Pine, with a single row of 

discs on each cell Fig 639 Bordered pits of the wood-cells of the Pine 

(diagram) a Young stage with unthickeneii cell- wall or membrane 
The straight part on the right shows a section through a pit iMth the 
nm beginning to project , the circle on the left shoi\s the nm in surface 
view Dotted lines connect corresponding parts h Older stage showing 
the membrane with its torus c Semi profile view, showing position of 
menibiaiie, tr After Sachs 


the central opening, which it can therefore block up when great 
tension exists on either side of the membrane, forcing it out- 
wards In very old wood this intervening membrane often 
becomes absorbed, and then direct communication between the 
adjoining cells is possible 

These bordered pits occur either m single (fig 638) or in 
double or triple rows In those cases where there is more than 
one row of them, those in each row may be either on the same 
level, as is usual, or at different levels, and hence alternate to each 
other, as m the Araucarias and allied trees. 

Cells presenting such a characteristic appearance are of 
universal occurrence in the wood of th^ Comfera and Taxcbcem^ 
where they can be most distinctly observed. But somewhat 
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similar bordered pits of smaller size may be found also in many 
other Phanerogams 

The material of which the cell- wall is originally composed is 
a mixture of cellulose with various pectic bodies? The reactions 
by which cellulose may be recognised are — 

1. It is msoluble m water, weak acids or alkalies, alcohol, 
ether, benzol or other aromatic liquid, but dissolves in ammo- 
macal solution of oxide of copper (Schweizer’s reagent) 

2. It 18 permeable by water, extensible, and elastic 

3. It swells up and slowly dissolves when treated with strong 
sulphuric acid 

4 It stains violet when treated with sulphuric acid and 
iodine, or with a solution of iodine in potassic iodide and 
chloride of zinc. 

5. When it is viewed by polarised light it causes the rays to 
be deflected to the left 

The pectic bodies, chiefly consisting of pectose, pectin, and 
pectic acids, are not soluble in Schweizer’s reagent, but aie 
slowly dissol\ ed by the succc8si\ e action of acids and , alkalies 
They do not stain violet with iodine, either alone or in conjunc- 
tion with sulphuric acid or the chlorides of the heavy metals 

The cell- wall seldom remains simple , soon after formation 
changes occur in it, admixture of mineral substances to a con- 
siderable extent often rapidly taking place The chief of these 
are salts of calcium, usually the oxalate, but often the carbonate. 
Some cell-walls show a copious deposit of regular crystals of 
one of these — such are the cells of the bulb-scales of the Onion, 
the fibres of the bast of Ephedra^ and others (Jig 640) In 
many plants copious deposits of silica are found in the cell-wall, 
notably in the epidermal cells of Grasses and Equisetacece In 
some plants of the Nettle family curious cellulose projections 
occur in some of the cells of the epidermis which contain 
irregular masses of calcium carbonate These are known as 
cyatohths (Jig 642) ^ 

Besides these admixtures of foreign substances, cell-wall is 
found to contain other bodies derived from changes m its cellu- 
lose or pectose constituents Of these, three are especially pro 
minent — lignin, cUtin, and mucilage. Lignin is the matenal 
which is especially characteristic of wood-cells It is permeable 
by water very readily, but, unlike cellulose, it cannot retain much 
m its iNidistance, nor can it swell up under the influence of sul- 
phuric acid It can be recognised by turning red when treated 
With phloroglucm and hydrochloric acid. The wall of a wood- 
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cell does not consist entirely of lignin, but of a cellulose basis 
which IS largely impregnated with this substance By the action 
of nitric acid and chlorate of potash the lignin can be dissolved, 
leaving the cellu^se framework 

Cutin IS found chiefly in the external layers of the thickened 
epidermal cells, and is also met with in the walls of cork cells, 
where it is frequently associated with a certain amount of lignin 
It differs from cellulose m many points it is but slightly 
permeable by water, and it stains yellow instead of violet when 
treated with iodine and sulphuric acid It turns yellowish - 
brown when acted upon by strong alkalies such as caustic potash 


Fio 640 


Fio 641 


Fig 642 




F%g 640 Bast cell of Lphedt a with crystals embedded m 

the wall Fti) 641 Cystolith from Farietarm qfficmalt% 

Ftg 642 Cystolith from the leaf of Ftcus eladica ep 
Throe-layered epidermis pa Parenchyma of leaf cgsi 
Cystolith 


Like lignin, cutin is soluble m warm nitric acid and chlorate of 
potash 

Mucilage is found in the cell- walls of certain layers of the 
coats of such seeds as linseed, and in the cells of many Algae 
It absorbs water greedily and swells up considerabl;^ . It gives 
a violet colour with iodine and sulplUlric acid, as cellulose does, 
differing from the latter chiefly in the ease with which the 
absorption of water is brought about. In some cells the muci- 
laginous degeneration of the cell-wall goes so far as to lead 
to the production of gum, which is soluble in water. Exuda- 
tions of gum produced in this way are very common on Cherry 
trees. 

A peculiar modification of the cell- wall can be easily observed 
between contiguous thickened cellsy ^Constituting the mtddle 
lamella. This occupies the position of the original cell-wall, and 
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at first sight might be taken to be the latter, after several 
thickening layers have been deposited upon it This is not, how- 
ever, the case, for the thickened wall has been the seat of much 
chemical alteration. The nature of the middle layer varies , in 
adult cells which have not become ligmfied or otherwise altered 
it consists of a compoimd of pectic acid and calcium This layer 
can be distinguished between even very young cells, by appro- 
priate reagents. 

The cell- wall is often found to be impregnated with wax, 
which in some cases is so plentiful as to form a layer of particles 
on the external surface. This can be seen in the bloom of cer- 
tain firuits, such as the Plum and the Grape , also on the leaves 
of the Wax Palm. 

Certam modifications of cellulose also occur, unmixed with 
any of these derivatives The walls of the hyphse of Fungi afford 
an example of these , the cellulose, sometimes QoMedi fungus cellu- 
lose, does not turn violet when treated with iodine and sulphuric 
acid In the walls of certam cells, such as those of the bast of 
Lycopodnum, the endosperm of the Paiony, and the cotyledons 
of some of the Leguminosce, a variety of cellulose is found which 
stains blue with iodine alone 

Chemically regarded, the cell wall is thus seen to be very 
complex m composition Origmally it consists mainly of cellu- 
lose, with a small admixture of pectoses , as it grows older this 
simphcity disappears, and it is found to be a mixtuio of those 
primary constituents with various products of their decomposi- 
tion, which are present in widely differing proportions, or with 
other materials which have been absorbed by it and deposited 
in its substance 

The Cell- contents — Besides the protoplasm or living mate- 
rial present m the cell, very many other substances are found 
there which are extremely variable m nature and amount All 
these are to be associated in some way with the vital activity of 
the protoplasm As the la‘ ^er is practically stationary m the cell 
and carries on its life-work there, it is evident that the substances 
necessary for its nutrition must be brought to it , and as these 
can pass readily from cell to cell only by means of the water 
which saturates the hving parts, they must be in solution The 
water which is always present m the cell is known as the cell- 
sap, It may be equally distributed through the protoplasm, as 
in yoimg cells, or it may occupy as well the spaces in the latter 
which we have already described as vacuoles. It is never present 
as pure water, but always has various chemical substances dis- 
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solved in it Besides containing the inorganic substances ab- 
sorbed from outside, it also has in solution in it many bodies which 
have been made by the activity of the protoplasm , and as the 
processes carrie^J out by the latter vary greatly m different 
cells, the cell-sap has no constant composition, but is affected 
m different cases by the nature of the work the cells do. 

The substances which the protoplasm constructs are again 
destined to different purposes Some are to be used up in various 
ways, either m the cell in which they are formed, or m other 
cells to which they are to be transported These are generally 
known as reserve materials. They may remain m the cells for 
a longer or shorter period. Others are to be regarded as material 
which is of no further use to the plant at all, and are therefore 
to be got rid of It is important to remember that the plant, 
unlike the animal organism, has little or no power to excrete 
anything from its body Waste products, therefore, instead of 
being thrown off at once by definite channels, are usually packed 
away in particular cells of the plant — for instance, in the bark 
of trees 

Other products are neither reserve nor waste materials, but 
are formed m the cells to perform definite work there , such are 
the bodies known as enzymes or ferments^ which carry out many 
chemical changes in the substances deposited m the cells. 

As we have seen, many of these vaiious bodies exist in the 
cell-sap in a state of solution , others, however, are deposited m 
a solid form We can explain the presence of the latter in the 
same way as that of the others; they are either reserve or 
waste products, or charged with a definite duty in the work of 
the cell. 

The cell- contents, varying thus from place to place and from 
time to tune, stand m a very different position from the proto- 
plasm, which IS constant in its presence durmg the time the cell 
is livmg The protoplasm carries out the vital work, aided by 
the various plastids already alluded t#, when these are present. 
The other cell -contents are to be regarded only as aiding or 
resulting from the work of the protoplasm or the plastids. 

The bodies included in the cell-contents, usmg the term m 
this restricted sense, may be divided into two groups* those 
soluble and those insoluble m the cell-sap. Among the former 
are included constructive materials for the protoplasm, such as 
freshly absorbed inorganic salts, and more highly elaborated 
bodies destmed either for immediate u^e^ or temporary storage, 
or possibly merely on their way through the cell. Various 



carbohydrates, chiefly sugars, vegetable acids and their salt 
nitrogen-containing bodies in the form of ammo-acids, belong 
this category Ofcher substances, possibly nutritive, possibly on 
the by-products of nutrition, such as tannin, vahous glucoside 
alkaloids, and other complex bodies, aie also to be met wit 
In many cells, though with a more restricted distribution, t 
find various colouring matters in solution, chiefly blues, violei 
or reds. 

The bodies which form the second or insoluble groi 
include starch grams, fats, proteid reserve materials, either 
amorphous, granular, or crystalline form, and crystals ofmorgan 
salts 

All these call for separate description 

Starch Gratns — Starch is not only widely distributi 
through the different parts of a plant, but it also occurs in varyii 


Fig 643 Iig 644 Fio 645 



Ftg 643 Cell of the Potato containing starch granules Fto 644 West- 

ludia Arrowroot ( x 2^0) Ftg 645 Sago meal ( x 250) 

quantity in all classes of plants with the exception of the Funj 
In all cases starch is a transitory product stored up for futu 
use When required for the nutrition of the plant, it is convert 
into sugar, which is a soluble substance, and can therefore 
at once applied to the pul^ioses of nutrition, which is not t! 
case with starch in its unaltered condition, as it is then msolub 
When fully-formed starch is found floating m the cell-sap, 
is m the form of colourless granules or grains (fig. 648), whi 
are either distmct fi:om one another, or more or less combm 
so as to form compound granules (figs. 649 and 65^). 

In form the separate granules are always spherical or neai 
so in their earliest condition. In some cases this shape 
nearly maintained m their mature state, as in Wheat star 
(fig. 660), but the granules frequently assume other fom 
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becoming ovate, elliptical, more or less irregular, club-shaped, 
or angular {figs, 644-647 and 651) Starch granules vary 
extremely in size in different plants, and even in the same cell 
of any particular jalant The largest granules known appear to 
be those of Canna starch, or, as it is commonly termed, * Tous-les- 
mois,’ where they are sometimes as much as the of an inch 
in length {fig 647) , while the smallest granules, among which 
may be mentioned those of Bice starch {fig 651), are frequently 
under of an inch in length 

Starch first makes its appearance as minute colourless 
granules m the interior of the chlorophyll grains when exposed 
to sunlight These primary starch granules rarely grow to any 
considerable size. In the parts of the plant which are not 
exposed to light, grams of larger dimensions and of some 


Fio 646 Fio 647 Fm 648 



Fto 846 Group of rod-like leucoplastids, I, each bearing a starch grain, 
collected round the nucleus, m, of a cell of the pseudo bulb of an Orchid 

iPhajiisfjtandifoUus) x 500 After Schiinper /’fo 647. Tous les-mois 

( X 250) Fig 648 Potato starch ( x 260) 

complexity of structure are met with These are formed by the 
activity of another form of plastid, much like the chloroplast, 
but, on account of the absence of the green colour, known as a 
leuooplast or amyloplast (fig, 646) L#a gram formed by such 
a leucoplast {figs, 647 and 648), we may observe a roundish 
dark spot, which is termed the hxhim^ situated near one end of 
the granule ; and surrounding this a variable number of fhmt 
lines which alternate with other darker ones, so that the whole 
presents the appearance of a series of more or less irregular 
concentric shells placed around a common point The cause of 
these appearances has given nse to much discussion ; but from 
the observations o£ Schimper and others there appears to be no 
doubt that these shells are separate layers ofv^etaroh substance 

VOL. I. U 
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that have been deposited successively by the amyloplast round 
the first formed portion, which is therefore more or less central 
The various shapes of starch grains are due to irregular 
deposition of these layers. If the gram is fo^ed regularly m 
the interior of the amyloplast, the layers are concentric , if the 
formation commences towards some portion of its exterior and 
quickly bulges outwards, the layers are irregular, being thicker 
and more numerous on the end of the gram which is nearest to 
the bulk of the plastid, as m the Potato {fig, 648) Probably 
the gram is always covered by the substance of the plastid, 
though there may be only a very delicate film -like layer of the 
latter over the protruding portion of the starch gram 

Compound starch grains are frequently met with These 
are of two kinds some are due to two oi more grams having 
been pressed together duimg their development. Such grams 


Fig 649 Fio 650 Fig 651 



Fig 649 Compound starch granules of West-India Arrowroot After Schlei- 
den Fig 660 Wheat starch ( x 260) Fig 661 Rice starch ( x 260) 


usually originate by two or more arising symmetrically m the 
interior of the same plastid. Others are found to contain two 
or more hila, each with its concentric rings, and the whole 
surrounded by several layers of the same material. In this 
case the amyloplast has begun to form two or more grams at 
pomts towards its exterfor, and these m time have come into 
contact. The further activity of the plastid has led to the 
aggregation becoming surrounded by deposits or shells of starch 
(fig, 652, b). 

In some cases the starch grams are of extremely curious 
shape They may be linear, or like dumb-bells with elongated 
handles, as m Euphorbia (fig, 658). The latter are formed 
by plastids which are more active at their extremities than 
along the mtermediate portion. 

In many cells the starch grains are extremely minute and 
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occur in enormous numbers, as in the style of the Lily These 
specks aie probably toirned directly by the protoplasm, as no 
plastids have yet been discovered in the cells of this tissue 

The starch granule consists of the true starch-compound and 
water The starch-compound is composed of two substances, 
which are intimately blended together, viz granulose and starch- 
cellulose The granulose makes up by far the greater part of 
the starch - compound , it is capable of being dissolved out of 
the cellulose by saliva and dilute acids, and it is to it that the 
starch granule owes the violet-blue colour which it assumes 
when treated with a solution of iodine. The cellulose on the 


Fig 652 

A B 



Fig 662 A Compound , B Semi-compound 

granule of starch Fig 663 Part of 

a laticiferous cell from Euphorbia 
iplendens , it contains starch granules 
of a peculiar dumb-bell and somewhat 
rod and bone like form 


Fio 653 



other hand, not being soluble, is left behind as a skeleton, and is 
not coloured blue by the iodine soluti^i. 

Starch is insoluble in cold water, alcohol, ether, and oils. 
By the action of boiling water it swells up and forms a mucilage 
or paste , if when cooled lodme be added to this, a deep blue 
colour is produced ; this colour disappears on heating the mix- 
ture, returning, however, as it cools The starch gram gives 
the same reacybion with iodine as the solution. If starch be ex- 
posed to a temperature of about 820® F. for a short time, it is 
converted into a soluble gummy ai:^8tanoe, called dextrvn or 
British gum. By the action of dilute sulphuric acid it is 

u2 
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converted into sugar The same change is brought about in the 
cells of the plant by a peculiar nitrogenous body known as 
diastase^ a member of a group of bodies termed enzymes^ 
which are of widespread occurrence in plants r nd which will be 
spoken of late^ Starch affects polarised light in a somewhat 
similar manner to cellulose 

Proteids — We have already seen that the protoplasm of the 
cell encloses in its meshwork varying quantities of the peculiar 
mtrogenous material known as proteid In some cells this exists 
in large proportion m amorphous form In many cases, how- 


Fig 654 Fig 655 



Ftg 664 Cell from the endosperm or albumen of the seed of the Castor-oil 
(Rtcinus communis) in dilute glycerine, showing large transparent 
proteid or aleurone grains, with crystalloids and globoids embedded in 

them After Sachs Fig 666 Cells of a very thin section through a 

cotyledon of the embryo in a ripe seed of the common Pea {Pisum 
sativum) a, a Aleurone grains st Starch granules f, i Intercellular 
spaces After Sachs 


ever, it is deposited in the form of grains of definite shape and 
sometimes of complex cl aracter These grains are known as 
aleurone gtavns They consist of mixtures of proteids belong- 
ing to the globuliiiand albumose classes, which show considerable 
di€^jii|te8 in solubility In most cases they can be seen to he 
m^^ Mj urse meshwork of protoplasm. They are especially 
cha^^^nstic of the cells of the intenor of the seed 

The aleurone grams vary very much in size a^d shape. In 
the Pea they may be seen as very smistll round bodies lying m 
the same cells as starch grams (fig^ 655). In the Lupin they 
are larger, and occur in conjunction with oil, but not staro^i. In 


THE VEGETABLE CELL 


293 


both these cases they show no structure. In the Castor-oil seed 
and in that of the Brazil nut they differ from the simple forms 
described. The larger part of the aleurone gram is occupied by 
a crystalline pormon, known as the crystalloid This, like the 
gram itself, is proteid in character There is present also in 
these grains a rounded aggregation of mineral matter, a double 
phosphate of calcium and magnesium, which is termed the 
globoid ( fig 654) 

In a few cases cells are found to contain crystalloids of 
proteid not included in an aleurone gram Such bodies occur 
frequently m certain paits of the tuber of the Potato, and in 
some Seaweeds 

Fats and Oils — ^Ccrtam cells, generally in the fruit or seed, 
contain fats or oils saturating the protoplasm, or sometimes 
occupying nearly the whole of the cell -cavity Ethereal oils are 
found similarly m cells of various parts of the leaves or stems, 
usually m small aggregations of cells m the interior of the 
tissue, or in cells of the hairs which grow from the epidermis 
These are^ generally spoken of as oil-glands, or glandular hairs 

Beams , — In certain plants, particularly those belonging to the 
natural order Comfera, certain aggregations of cells are found 
to contain quantities of peculiar material, generally termed 
ream This material is different in composition m different 
plants , it may bo recognised by its staining red with alcoholic 
tincture of alkannm. It is soluble m alcohol, benzol, and ether, 
but insoluble in any watery fluid 

Baphidea — This name is now very generally apphed to all 
inorganic crystals of whatever form which are found in the cells 
of plants, although the term raphidea was originally given to 
those only that had the form of needles [figs, 658 and 659) 
Raphides may be found more or less m nearly all orders of 
plants, and m all their organs, generally, however, they are 
most abundant in the stems of herbaceous plants, in the bark 
of woody plants, and in leaves and rc^ts. In some plants they 
occur m such enormous quantities that they exceed in weight 
the dried tissue m which they are deposited . this may be 
especially observed m some members of the Cactaceca, The 
raphides are usually contamed in cells from which starch, 
chlorophyll, and other granular structures are absent {fig, 668), 
although this is by no means necessarily the case. 

The raphides may occur singly in the cells, as m those of 
the bark of the Locust tree {fig, 666) ; fbut far more commonly 
there is a number of crystals m the same ceD. In the latter 
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case they are usually placed either side by side, as in the stem 
of Bumex {fig 658) ; or in groups radiating from a common 
point, and so assuming a clustered or conglomerate appearance, 
as m the stem of the common Beet {fig 6^7) The former 
have been termed acicular rapJiideSj and the latter con- 
glomerate raph^de8 or sphoet apJndes 

In the common Arum, where raphides are very abundant, 
and m some other Aracece the cells which contain the raphides 
are filled with a mucilaginous sap , when they are moistened 
with water the sap absorbs it freely, so that they are distended 
and caused ultimately to burst and discharge their crystals 
from an orifice it each end {fig, 659) 


Fig 656 Fig 657 Fig 658 Fig 650 



Ftg 666 Solitary crystals iu the cells of the bark of the Locust tree After 

Gray Ftg 667 Conglomerate raphides or sphaeraphides of the Beet 

Fig 668 Acicular or true raphides of a species of Jiumex Two cells 

contain raphides, and three of them chlorophyll granules Ftg 669 

True or acicular raphides of an Arum being discharged through endos* 
mose under the influence of water 

The crystals thus described consist generally of calcium 
oxalate, which crystallises m two forms according to the propor- 
tion of water it contains When the crystals contain six equiva- 
lents of water of crystallisation, they form octahedra {fig, 657), 
as m the conglomerate raphides or sphseraphides , when, on the 
other hand, there are only two equivalents of water of crystallisa- 
tion^ bundles of acicular crystals or true raphides are produced 
{figs, 658 and 659). In rarer cases the crystals are composed 
of calchim carbonate. 

The raphides are usually regarded as waste products, or bye- 
products of the metabolism of the cell. They are frequently 
surrounded by a delicate pellicle of cellulose, thus being shut off 
from contact with the protoplasm 
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Of the substances which are met with m solution m the cell- 
sap, little more need bo said at present. The kinds of sugar 
found are chiefly maltose, grape sugar, and cane sugar A pecu- 
liar carbohydrate body , is found in the tubers or tuberous 

roots of certain of the Compositor, particularly the Dahlia and 
the Artichoke. This substance has the same percentage composi- 
tion as starch, and, like the latter, is readily convertible mto a 
form of sugar. It can be made to separate out from the cell- sap 
by keeping the tissue contammg it m spirit A section taken 
through such a piece of tissue and mounted m water will show 
large sphaero crystals of inulm, often extending through several 
contiguous cells {fiq, 660) 

Fia 660 



Ftg 660 Sphaero-crystals of inulin from the Artichoke A Small crystals in 
interior of cells B Large crystals extending through many cells ( x 260) 

The amino-acids, such as asparagin, leucin, &c., which are 
found in the cell- sap, are generally the result of the decomposi- 
tion of proteid material. They are very promment m young 
seedlings and m germinating seeds. 

In many cells the peculiar bodies spoken of as enzymes 
occur These are very varied, and a discussion of their pecu- 
harities must be deferred to a later ftction of this work. They 
can only be detected m cells by the results of their activity. 

The cells vary much m size in different 'plants, and m 
different parts of the same plant. Polygonal or oblong cells, on 
an average, vary from about 5 to of an mch in diameter ; 
others agam are not more than ’ while m some oases they 
are so large as to be visible to the naked eye, being as much as 
or even ^^h in diameter The largest occur m the 

pith of plants, in succulent parts, ai^ in aquatic plants. 


296 


MANUAL OF BOTANY 


The dimensiODB of elongated cells generally afford a striking 
contrast to those of polygonal ones , for while we find that their 
transverse diameter is commonly much less, averaging about 
of an inch, and frequently not more than 
become much more extended longitudinally, sometimes reaching 
four, five, or more inches in length More generally, however, 
they vary firom about fo A of an mch m length 

Those cells again which have an unrestrained development are 
frequently also far more extended in length The cell of which 
each filament of cotton is formed is sometimes as much as one 
or two inches long. On the other hand, some of the mmute 
cells known as rmcrohes or rmcro-orgamsma are not more than 
of an mch in diameter 
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CHAPTER II 

FORMATION OF CELLS — TISSUES 

We have seen that every plant commences its life as a smgle 
cell, sometimes a naked piece of protoplasm, as a gamete, or one 
clothed with a cell-wall, as most kinds of spore It follows from 
this that all the cells of which the most complex plant body is 
composed are derived from one of these by some process of multi- 
plication In this, as m all other vital processes, the protoplasm 
is the active agent In the production of the gamete or spore it- 
self we have to do with the formation of a new cell, generally but 
not neces^sarily by a process of multiplication , while in the case 
of all zygospores and oospores the new individual is the result of 
fusion of cells, and therefore involves diminution mstead of 
increase of number. 

We may distmgmsh several different methods of cell forma- 
tion, which can, however, be classed under the two heads men- 
tioned above First we will take those cases m which the new 
cell results from the division of an antecedent cell, and after- 
wards those m which no such division takes place 

1. Formation of New Cells by Division of Antecedent 
Cells — This is by far the most frequent method. Usually a 
cell divides mto two, and a wall is immediately formed between 
them Less often a variable number of cells is formed m 
the interior of a cell, known generally as the mother-cell^ and 
they become clothed with cell- walls s^ultaneously or not at all. 
The former is most common in vegetative, the latter m repro- 
ductive processes. The two processes are termed cell-dtvuion 
and free celh formation. 

Cell dm%e%on, — We have pointed out that the division of the 
cell 18 brought about by the protoplasm. The actual division 
is preceded by a division of the nucleus, which is known as 
haryokineBiSy or indirect nmlear division. 

In the cases that have been most completely mvestigated 
the nucleus consists essentially of a de{|eate network of hbrils 



298 


MANUAL OF BOTANY 


of chromatin, embedded in a hyaline substance, and surrounded 
by a more or less well-defined outline derived from the cell- 
protoplasm and known as the nuclear membrane Associated 
with it m some cases are two small centrospher^ s Karyokmesis 
begins by the network of fibrils becoming coarser and gradually 
separating to form a long coiled fibre The nucleoli disappear, 
and the nuclear membrane can no longer be distinguished At 
the same time, in those cases in which centrospheres have been 
seen, they shift their position and come to lie on opposite sides 
of the nucleus at some little distance from it The long 
coiled fibre of chromatin breaks up into a number of pieces, 
often V-shaped, which point towards the centre of the nucleus 
The number of these varies m different cells, but is constant in 
those of the same tissue These pieces of the fibre are known as 
Fio 661 



F\g 661 Stages lu karyokiuetic division of the nucleus a Resting nucleus 
h Stage of equatorial plate c Separation of the chromosomes d Com 
mencement of formation of cell-wall e Extension of nuclear spindle 
across the cell 

chromosomes. The chromatin in the fibres is broken up into 
thm discs, which are separated from each other by smaller 
discs of unstamable substance Threads of delicate character 
may next be seen to extend from one centrosphere to the other, 
formmg a body known as^the nuclear sjptndle The#^ds of the 
spindle are known as the poles of the nucleus. 1?he nuclear 
fibrils, or chromosomes, travel along these threads, with which 
their points are m contact, till they form a plate across the 
spindle. This stage is constant in all cases of karyokmesis, 
though the details of its formation vary m different cases. The 
body 18 sometimes called the equatorial jplate {fig, 661, h). After 
this stage is reached, each chromosome splits longitudinally 
into two, and the equatoiial plate divides into two in such 
a way that half of each chromoso^ points its base to one 
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centrosphere or pole, and the other half to the other. The two 
sets of fibrils so formed then separate and travel back along the 
spindle fibres towards the two poles of the nucleus, changing 
their positions a» they go till their convex sides point towards 
them They thus collect into two places which are determined 
by the position of the poles of the nucleus (or the centrospheros 
if the latter are present), and present there the appearance of 
two somewhat star-shaped aggregations This is known as the 
diaster stage The chromosomes at each pole now become 
united by their ends, and the fibres so formed become closely 
coiled, thus constituting two new nuclei, each gradually 


becoming well defined 
by the appearance of 
a nuclear membrane , 
the original appearance 
IS thus regained, nucleoli 
appearing m each new 
nucleus. The spindle 
fibres ^ may remain 
connecting the new 
nuclei for a time, as is 
the case when a cell- 
wall IS formed imme- 
diately , or they may 
disappear at once. In 
the cases in which a 
centrosphere has been 
observed it divides at 


Fig 662 



F%g 662 Yeast plant m process 

of development Fig 663 

Conferva glomerata^ showing the 
progressive stages of gemma- 
tion or budding (6, c, d, e) a 
Terminal cell After Ton Mohl 


Fig 663 



this stage, and the two 


new centrosphores may be distinguished m contact with some 


point of the new nucleus 

In ordinary cell- division the formation of the new nuclei is 
followed by the appearance of a cell- wall m the original position 
of the equatorial plate If the sfindle fibres do not stretch 
completely across the cell, others are formed beside the original 
ones, till the spindle is m contact with the lateral celLwalls. 
Granules which have been fioatmg m the cell-protoplasm are to 
be seen streaming along the spindle fibres till they form a plate 
stretching across the middle of the cell from wall to wall. 
From this cell-plate the septum of cellulose is formed. The 
centred, portion of the plate may be formed before the extension 
of the spindle across the cell is complete 

A variation of this process is seeif m the lormation of the 
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spores of certain plants , for instance, the miorospores of Dicotyle- 
dons. The original nucleus of the mother-cell of the spores divides 
mto two as described above The spindles disappear, and each 
nucleus divides again New spindles are next f formed between 
the four nuclei (fig. 664, b), and then cell-plates or cell-walls 
are simultaneously developed between them, giving rise to 
four so-called special mother-cells.^ each of which develops a 
spore. The division of the protoplasm in this case is often 
preceded by a thickening of the cell-wall at the places to 

which the new septa 
will be attached, so 
that the protoplasm 
is partially separated 
before the new walls 
appear. 

In certain of the 
lower Algae, after the 
division of the nu- 
cleus and ^ separa- 
tion of the daughter 
nuclei, the formation 
of a new cell-wall 
between them is 
efiected by an in- 
growth from the wall of the mother-cell, which gradually extends 
inwards across the cavity. 

In ordinary cell-division the two cells are usually of the 
same size. In some cases a variation m this respect is seen, as 
m the cells of Ihe Yeast plant. These often ,put out a lateral 
protuberance of smaller size, which is gradually cut off by 
the constriction of the cell -wall between the two. This varia- 
tion IS known as budding^ or gemmation (fig. 662). It is not 
uncommon among the lower Thallophytes. 

In a few cases m some ol the lower plants the division of the 
cell IS not preceded by division of the nucleus. In others, after 
the nucleus has divided, the new cell-wall is formed by an m- 
growth from the walls of the ongmal cell. 

Free CelUformaiion , — In this method of cell-formation the 
nucleus divides mto two, each of those mto two, each again into 
two, the process contmumg till a number of nuclei are formed. 

The protoplasm aggregates round each nucleus, and a 
lumber of naked cells are so formed in the interior of the 
irigmal cell. In some cases, as in th^ormation of the zoo- 


Fig 664 

A B 


Fig 664 Helleborus fmtidus After Strasburger 
( X 540) Quadnpartition of motUer-cell of polleu 
m B the connecting threads and cell-plates are 
shown , in a the w^ls have been formed Onlj 
three are visible, the fourth not being in focus , 
the mode of development is tetrahedral 
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gonidia and gametes of many Algae and Fungi (jiq 665), they 
remain naked and aie discharged in this condition from the 
cell in which they are formed In other cases, each new cell 
secretes a cell-wajl round itself. 

In its simplest form, this mode of cell-production results in 
the formation of a number of isolated cells {jiq 665) In certain 
cases, however, the cells are combined into a tissue, as in the 
endosperm of Phanerogams When this takes place, the nuclei 
become arranged in a single layer over the internal surface of 
the megaspore , protoplasm aggregates round each nucleus, and 


Fig 665 Fig 666 



¥%g 666 Formation of zoogonidia in ilcA/ya 
A Zoogonidangium, still closed b The 
same burst, with the discharged zoo- 

gonidia After Carpenter Fxg 666 

A, B Escape of the swarm-spores of an 
(Edogonium c One in free motion 
D The same after it has become fixed, 
and has formed the attaching disc 
K Escape of the whole protoplasm of a 
germ-plant of (Edogonxum In the form 
of a swarm-spore After Pringsheim 



a common cell- wall is formed between each two adjacent cells, 
separatmg them from each other. Their surface which is towards 
the cavity of the megaspore remains for a little -while naked, 
but soon they secrete each for itself a cell- wall over it, thus form- 
ing a penpheral layer of closed cells round the cavity of the mega- 
spore. Further multiplication of the cells takes place by repeated 
cell-divisions till a mass of tissue fills thf Bpore. 
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The formation of the special mother-cells of the spores, 
described above as a variation of cell-division, is often included 
under free cell-formation. 

The principal difference between the two ^odes is that in 
free cell-formation the new cell, if clothed at all, is nearly or 
quite surrounded by a freshly secreted cell- wall , in cell-division 
a new wall is only formed across the line of the division 

2 Formation of New Cells without Division. — Two 


Fig 667 



modes of cell-production 
belong to this category 
The first is known as 
rejuvenescence^ and is 
met with only in con- 
nection with reproduc- 
tive cells It consists 
in the protoplasm of a 
cell withdrawing itself 
from the cell -wall, and 
after a short period of 
quiescence secreting for 
itself a fresh membrane. 
It may remain within 
the original cell- wall, as 
in the formation of 
spores inside the special 
mother-cells, which 
have themselves been 
formed as above de- 
scribed by cell-division. 
On the other hand, it 


Fig 6S7 Oogonia aud antbendiu of Achlya ligni- 
cola, showing cell-division The letters a to f 
indicate the course of development The 
protoplasm of a cell or branch of a cell collects 
into a globular form, a, b, and by the forma- 
tion of a septum, D becomes as independent 
cell (the oogonium) The protoplasm then 
breaks up into two or more parts, d, e, e 
(oospheres), which quickly become spherical, 
and after possible fertilisation by the antheridia 
tt, a, penetrating into the oogonium by their 
beaks, b, &, as seen in D, secrete a cell wall R, 
and become oospores After Sachs 


may be set free. In this 
case the cell-wall is not 
secreted by it until after 
its escape. It is, more- 
over, at first usually fur- 
nished with ciha, some- 
times attached to one end 
as m the zoospores of 
(Edogonium {fig, 666, c), 


or over the whole surface as m the zooccenocytes of Vauchena, 


The other mode of cell-producl^ without oell-division is 
that of the fusion of two cells to form a new one. Like the last- 


described method, it occurs only m connection with the pro- 
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cesses of reproduction It includes all the cases of the fusion of 
gametes already described The cells taking part in the fusion 
are at the time naked cells, consisting of protoplasm and nucleus. 
They may be singlar or dissimilar in size, may be set free from 
the cells m which they were formed, as m the case of the ciliated 
gametes of TJlothrix {flq 609) or the spermatozoids of the higher 
Cryptogams, or may leave their parent cell only to pass into 
that of another gamete, as m Spxrogyra {fig 486) and possibly in 

Fio 668 



Fig 668 Small-celled menstem at apex of root of Phanerogam 


Adilya {fig, 667), or may remain always m the cell in which they 
are developed, as is generally the case with oospheres. When the 
fusion takes place, protoplasm unites with protoplasm, nucleus 
with nucleus, &c , and a new cell results which clothes itself 
with a cell- wall, and becomes a new mdividual The process 
of fusion of dissimilar cells is generally called ferhlxsatton , 
that of union of similar cells is known as conjugaiton. The 
new cell formed by the fusion is a zygote ; in the first case it 
IS sometimes called an oospore^ in the sedhnd, a zygospore. 
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The Tissues 

By one or other of the vegetative methods of cell-production 
described, the original unicellular plant becom/^s a multicellular 
body, and its ultimate form may be that of a row of cells form- 
ing a filament, or a flat plate, one or a few cells thick, or, again, 
a mass of cells of very variable size and shape. We have seen 
that m such a mass different cells or aggregations of cells are 
specially set apart to discharge particular duties Such collec- 
tions of cells are called tissues We speak of the tissues of 
nutrition, the protective tissues, and so on The cells which 
compose such a tissue commonly resemble each other more 
closely than they do other cells, and are said to obey a common 
law of growth. They originate generally by division of either 
a smgle cell, or of the cells of a well-defined group or meristemy 
so that they are held to have a common origin Only such 
collections of cells as fulfil these conditions are considered true 
tissues. 

Merismatic Tissue, or Meristem — In the de\ elopment of 
the vegetative body of the plant, the new cells are produced by 
cell-division In some cases every cell as it is produced possesses 
and retains the power of division, so that the plant can increase 
throughout its whole length This is commonly the case with 
filamentous plants such as Sptrogyra In most cases, however, 
the power of cell- division speedily becomes localised at certain 
parts of the plant body, which then carry out all further increase 
m length Such points are called growing points they are 
generally terminal, and the cells of which they are composed, 
which have the power of cell-division, are called meruma he cells 
The mdividual cells do not long retain this power, but after a 
period of growth acquire various forms, and subsequently change 
but little during life, constituting tissue Finally they 

lose their protoplasm, and are no longer livmg. 

There are two chief typfJi of growing point which are found 
at the apices of the axis of the plant. In both, multiplication of 
cells leads to a continued forward advance of the apex, and the 
youngest cells are in the front of the mass, so that the growing 
point IS nearly always more or less conical ; two main lines of 
division of the cells can be seen, one parallel to the surface of 
the apex, or penchnal ; the otlier at right angles to it, or anh- 
cUnal, The merismatic tissue is not of very great extent, and 
behind it the cells can be observed to be growing or moreasmg 
in size, and gradually changing illfo permanent tissue. 
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In the first type the cells which are thus dividing are all 
alike in appearance, and form a well-defined group which gradu* 
ally becomes differentiated, as the cells get older, mto various 
forms characterigtic of different regions of the axis {figs QbH 
and 670). This small-celled meristem is always foimd in 
Phanerogams and in some Cryptogams 


Fig. 669 


Fig 670 



Fig 669 Growing point of ■>tom of 7 qui 
setum 0* Apical cell h c Segments 

out off from it Fig 670 Growing 

point of stem of hlodea a Apicil 
meristem After Kny — Ftg 671 
Growing point of Felvetia a Apical 
cell After Kiiy 

The other type is marked by 
the presence at the apex of a 
single large, generally pyramidal, 
cell, the base of the pyramid 
being external {fig 669). From 
this, successive segments are cut 
ofi parallel to each side in turn, 
the apical cell growing to its 
original size after each division 
In stems there is no segment 
cut off from the external face, but 
this takes place in roots, so that 
the apical cell is never exposed 
in the latter case {fig* 769). The 



segments when cut off usually divide periclinally each into 
two , further divisions of each of the latter give rise to the mass of 
the tissue. Such a growing point may be conical or depressed, ac- 
cording to the amoimt of growth taking pla<^ m the inner or outer 
segments and the cells which arise from them {figs* 669 and 671). 
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This form of primary meristem, m which an apical cell is so 
prominent a feature, is chiefly characteristic of Cryptogams 
An intermediate form is met with in some of the Vascular 
Cryptogams in which a group of mitial cells, frequently four in 
number, replaces the apical cell 

Besides these apical meristems, similar tissue occurs in 
other parts of the mass of the plant These collections are chiefly 
connected with growth of the axis in thickness rather than in 
length, and will be treated of later in detail The cells are either 
much like those of the small-celled meristem or are longer 
than broad. They exist in sheets or bands, usually one cell 
thick. They include the cambium and phellogens of stems and 
roots 

When cells are formed by cell-division in a growing point, the 
new cell-wall arises at right angles to the walls with which its 
edges are in contact Hence at their first formation all such 
cells are cubical or nearly so By growth in various direc- 
tions, mutual pressure, &c , they change their shape and relative 
dimensions, givmg rise to collections having very different 
appearances 

The cell- wall, at first thin and composed mainly of cellulose, 
thickens as already described, and becomes chemically altered, 
giving rise to still more complicated structures. 

In the early changes that take place as permanent tissue is 
replacing meristem, the close contact of the cells becomes 
continually interrupted Burmg the changes of tension that 
occur in a growing mass of cells, cracks or fissuies arise in the 
substance of the cell membranes, generally at the angles, and 
so small mtercellular spaces are formed. The several spaces in 
a tissue extend till they communicate, and a system of mter- 
cellular channels is formed which extends throughout the plant, 
and contains air. The intercellular space system so formed is 
very prominent in certain parts, especially m leaves and in the 
stems of aquatic plants 749) 

The changes that take place in the composition of the cell- 
wall tlsually affect the primary septum between the cells in a 
different way |rom the successive thickenmg layers The origi- 
nal wall, altered in many important respects, can gene- 

rally be uisthigmshed in the thickened wall of stratified cells, 
when it is known as the middle lamella {fig, 677, m). 

Parenchyma. — A collection of cells, the individuals of which 
remam more or less of equal diameter m all directions, is known 
as ^a/renchyma. The cells may remain with thm walls, or the 



FORMATION OF CFLLS— TISSUES 


307 


latter may bo thickened equally or unequally, giving rise to 
various modifications, of which the following are the more 
important — 

a. Round or pval Parenchyma {fiq. 672) — This is formed 
of rounded or more or less oval cells, with small spaces between 
them. It is most prominent in succulent plants It is connected 
by various transitional forms with — 

h Stellate Parenchyma, which consists of stellate cells 
{jig^ 620 and 673), or cells with an irregular outline produced 
by projecting rays, and m contact only by the extremities of such 
rays, so as to leave large irregular spaces between them 


Fio 673 Fig 675 



hij 672 Koiiinl or oval pareiicliyma In two ot the cellh a nucleus with 

a iiutleolus nuy be t?een Fni 678 Stellate parenchyma, composed 

of stellate cells with three cornered intercellular spaces Fig 674 

Muriform parenchyma Fuj 675 Transverse section of the petiole 

of a species of Beqoma e Epidermis with cuticle above and hjpoderma 
below, the latter formed of collenchymatous cells c7, cf, with thickened 
angles, », v chi Chlorophyll granules p General parenchyma, below 
hj poderma After Sachs 


c Regular oi Polyhedral Parenchyma. — This is formed of 
polyhedral cells, the faces of which are frequently nearly equal, 
and so combined as to leave very#small mtei spaces. It is 
commonly found m the pith of plants 

d. Elongated Parenchyma — This is composed of cells elon- 
gated in a longitudinal direction so as to become cylindrical. It 
occurs frequently in the stems of Monocotyledonous plants. 

e. Tabular Parenchyma. — This consists of tabular, closely 
adherent cells. It is found in the epidermis and other pen* 
pheral parts of plants {fig, 675, e), A variety of this kmd of 
parenchyma is called murvform^ because the cells of which it is 
composed resemble in their form and arrangement the courses 
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of bricks in a wall {fiq 674). this variety occurs in the 
medullary rays of the stems of Dicotyledons and in corky 
formations. 

Such are the commoner varieties of parenchyma, all of 
which are connected in various ways by transitional forms , but 
other special kinds also occur In the tissue which lies below 
the epidermis of plants, and which has been termed the 
hypoderma^ we sometimes find the parenchyma composed of 
cells which are especially thickened at their angles but never 
become lignified {fig 675, c/, cl) This kind of parenchyma is 
called collenchyma Another variety of the same kind is termed 
sclerencliyma it consists of cells which have become much 

Fig 676 Fio 677 Fig 678 Fig 679 Fig 680 Fig 681 



y ?<7 670 rrosencliymatoug wood ccllh /k/ 677 transverse section of 

proHciitliNmatou's ctlls showing the thickms'? of their w ill'^ m Middle 

lamdln Fiy 678 Proseiichvmatoiis cells in combination Fig 679 

Upper end of n bast fibre Fig 680 Branched fibre After Schleiden 

hg 681 Transverse section of fibres, show mg the thickness of their walls 


haidened by thickening layers and lignified, as in the stems 
of Palms The cells of (/ollenchyma and sclerenchyma are 
sometimes prosenchymatous. 

In some of the lower orders of plants there is a peculiar kind 
of tissue pi^sent, to which the names of Tela contexta and 
%nterlacvng fihrilhform tissue have been given. It occurs 
chiefly in the Fungi {fig, 623), and consists of very long thread- 
like cells, or strmgs of cells, simple or branched, with either 
thin, soft, readily destructible walls, or dry and firm ones, the 
whole mextricabl;^ interwoven or entangled with each other so 
as to form a loose fibrilliform tissue. This tissue, which is now 
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usually known under the name of hyphce or hyphal tissue, con- 
stitutes, as a general rule, the vegetative portion of all Fungi In 
the larger Fungi the same tissue forms a more compact structure 
at certain parts, particularly on their surface, where it is arranged 
as a kind of skin, and in the stalks, which are frequently of 
some thickness. It then constitutes what is termed pseudo- 
parenchyma 

Prosenchyma -Besides these collections of isodiametric 
cells we find others whose length greatly exceeds their other 
diameters They are usually pointed in shape, their ends over- 
lapping, or extending in between the ends of their immediate 
neighbours These collections constitute i^hat is known as 
prosenchyma As in the case of paienchyma the walls of the 
cells, or fibres, are sometimes lignified, pitted, &c Prosenchyma 
IS largely present in woody tissues , it is not, however, confined 
to them, but may be found as isolated strands occupying vaiious 
positions m the plant body. In some forms the fibres are 
blanched {fig 680) The cells of collenchyma and sclerenchyma 
are frequently fibrous 

The ‘secondary wood of the Conifer a (fig 638) is entirely 
composed of prosenchymatous tissue, the constituent cells of 
which, fibrous in form, are known as 


ii acheids. They are marked by the 
peculiar bordered pits already described. 
These may be regarded as intermediate 
between prosenchyma and the vascular 
tissue described below 

Vascular Tissue — A further modifica- 
tion of the arrangement of cells is found 
in plants, constituting what is known as 
vascular tissue. The cells of this tissue 
are frequently fused together, the end 
walls between them becoming absorbed to 
a greater or less extent A row cells 
whose separating walls have thus dis- 
appeared 18 known as a vessel. Vascular 
tissue includes two forms, tiacheal tissue 
and sieve tissue. 

Tracheal Tissue. — ^This is usually com- 
posed of ligmfied cells which are placed 
end to end, formmg columns, and which 


Fig 683 



Fig 682 Beaded pitted ves- 
sel Fig 68a Pitted 

traoheld terminating ob- 
liquely, and showing 
that the partition wall 
has been iuoompletely 
absorbed. 


have lost their protoplasm. They are pitted m the various 


manners already described, foi*ming spiral, annular, scalanform. 
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or reticulated vessels {jig 682). When the end walls are com- 
pletely absorbed they foim true vessels or trachece. The 
absorption is not always complete , indeed, in some cases 
columns of such thickened cells are found wh^re the end walls 
persist, and are thickened m the same way as the lateral ones 
{fig 683) The individual cells are then known as tracheids, 
Tracheids occur in other forms than as the cells of a column , 
in certain orchids they constitute a somewhat parenchymatous- 
looking tissue in the sheath of the aeiial roots They are always 
ligmfied and usually pitted. There is no very sharp distinction 
between a fibre and a tracheid when the latter docs not appeal 
as a segment of a vessel The peculiar fibies with bordered pits, 
occurring in the secondary wood of the Comferce^ are generally 
included under this term 


Fig 684 Fig 685 Fig 686. Fig 687 



Fig 684 Simple spiral vessels Ftg 686 Compound spiral vessel 

Ftg 686 Branched spiral vessel Ftg 687 Union of spiral vessels in 

an oblique manner 


The chief forms of tracheal tissue, whether composed of 
tracheids or true vessels, may now be separately considered 
a. Pitted or Dotted Vessels. — A pitted vessel is formed from 
a row of cylindrical pitte^,, cells placed end to end {fig, 682), 
by the absorption of the separating walls Its mode of origin is 
clearly shown in many instances by the constrictions which its 
sides exhibit "at various intervals (fig 682) , for these constric- 
tions evidently correspond ^ the points where the component 
cells came m contact. ^ 

It sometimes happens that when a pitted or other vessel has 
lost its fluid contents, the neighbourmg parenchymatous cells 
protrude through the pores which exist in its wall, and then 
multiply in its interior by division, forming a cellular mass 


FORMATION OF CELLS- TISSUES 


811 


which may completely fill it, to this intra-cellular tissu® the 
name of tnllen or thyloses has been given It may be well 
observed in the wood of the Oak, m that of Hohvma Pseud- 
acacia, m Peripy:)ca, and in the stem of Gacumis sativus 

h Spiral Vessels — This name is applied to vessels with 
tapering extremities, having the thickening matter of its walls 
disposed as either one continuous spiral fibnl running internally 
round it from end to end, as is commonly the case (fig, 684), or 
two 01 moie fibrils (fig 685) running parallel to one another 
Such vessels are often met with in the stem of the Banana and 
other allied plants, in the young shoots of the Asparagus, and in 
the Pitcher Plant The fibril contained within the spiral vessel 


Fig 688 



Fig 689 Fig 690 Fig 691. 





Ftg 688 Piece of an annular vessel from 7ea Mays 
h The thin cell-wall , r, the annular thickening of 
the cell-wall , i vertical section of one of the rings, 
«howing y, the inner substance, and the denser 
layer over the inner side of the ring projecting into 

the cavity of the cell After Sachs Figs 689, 

690 Annular vessels Fig 691 Vessel showing a 

combination of rings and spiral fibres 


18 generally so elastic as to admit of being detached fiom the 
wall and uncoiled when the vessel is pulled asunder. This 
appearance may be commonly seen by the naked eye by partially 
breaking the young shoots, flower-stalks, or leaf-stalks of almost 
any plant, or the leaves of the Hyacinth, Banana, and others, 
and gently pulling asunder the two ends, when the uncoiled 
fibrils appear like a fine cobweb In most cases the coils of 
the fibrils are close together, so that the enclosing membrane 
cannot be observed between them , but in other instances they 
are more or less separated by portions of membrane (fig, 686). 

Spiral vessels occur in the earliest differentiated portions of 
the wood of vascular bundles In size tjiey vary from to 
ViAnr i^ch m diameter. The average mze is about inch. 
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c. Annular Vessels — In these vessels the thickening matter 
IS arranged m the form of rings more or less regularly disposed 
upon their mner surface {figs 688, r , 689, and 690). Some- 
times the whole of the vessel presents this rouged appearance 
(figs, 689 and 690), while m other vessels we find two rings 
connected by one or more turns of a spiral, the two forms 
irregularly alternating with each other (fig 691). In size they 
vary fiom about to of an inch in diameter Annular 
vessels occur especially in the fibro-vascular bundles of the stems 
of soft, lapidly growing herbaceous plants 

d Reticulated Vessels — In these vessels the convolutions 
are more or less irregular, and connected in various ways by 


Fig 692 Fig 693 Fig 694 



Fig 692 Reticulated vessel Fig 693 Prismatic scalariform vessels of 

a Fern Fig 694 Cylindrical scalariform vessels of the Vine 


cross or oblique bands, so as to produce a blanched or netted 
appearance (fig, 692) 

e, Scalariform Vessels — The peculiar appearance of these 
vessels is owmg to their waj^s being marked by elongated trans- 
verse pits or lines, arranged over one another like the steps of 
a ladder, whence their name {figs 693 and 694) They are 
sometimes cyhndrical tubes like the other vessels, as in the 
Vine (fig, 694), and in many other Dicotyledons, m which 
condition they resemble , modifications of reticulated vessels; 
but m their more perf^|%tate, scalariform vessels assume a 
prismatic form, as m Felfti' {fig 698). 

The scalariform markings are often caused in the same way 
as those of bordered pits, the thin places, instead of bemg small 


FORMATION OF CELLS— TISSUES 


318 


and circular, being broad and extending quite across the side of 
the cell. 

TJie om/nulaTj reUculated^ and scalariform vessels have 
commonly taperyig points like the spiral vessels, and thus over- 
lap at their extremities when they come m contact {fig 693) 
But in other instances they terminate more or less obliquely, or 
by flattened ends, like most pitted vessels. 

Steve Tissue . — This is generally associated with some form 
of tracheal tissue m certain strands of tissue known as vascular 
bundles It occasionally exists as isolated columns in the pith 
or cortex of stems In young roots it is found in independent 


Fig 695 



Fig 696 Sieve tubes and companion cells from the stem of Cucurhtta. in 
transverse and longitudinal section st Sieve tube $p. Sieve plate 
c Oompanion cells x 640 After Strasburger 


strands, side by side with similar strands of tracheal tissue. 
The cells of which it is composed^re thm-walled and never 
lignified. Two kinds of cell are found m it in the most highly 
developed forms, the sieve tube proper and its companion cells 
The sieve tube is composed of a number of cells or segments 
placed end to end (fig. 695). The separating wall'is seldom much 
thickened, but has deposited upon it on both sides a peculiar 
material known as callusy probably a modiflcation of the original 
material of the wall. The separating wall generally forms a 
sieve j)laie, being perforated by a number apertures, which are 
lined by the callus deposit, and through '^hich the contents of 
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the two segments communicate The protoplasm of the sieve 
tube is considerably changed, bemg, with the exception of a lining 
layer, transformed into a slimy material which is especially 
conspicuous m the neighbourhood of the sieve ^late. The adult 
tube contains no nucleus 

The companion cells are so called because they are cut off 
from the sieve-tube segments at the time of their first appearance 
They are smallei in diameter than the tube itself, and contain 
protoplasm and nuclei (fiq 695, c) 

In the Angiosperms the sieve plates at the end of summei 
become blocked up by an addition to the callus, and remain 


Fig 696 

C A B 



Ftg 696 Sieve tabes of Rhamnus pufshiana A, B Middle portion of a tube, 
sliowing section of sieve plates, sp c Callus deppsit on a sieve plate 
c Termination of a sieve tube, with sieve plates, sp , on the lateral 
walls X 320 


closed during the wmter, commumcation bemg re-established in 
the spring 

Sieve plates often occui^».upon the lateral as well as the end 
walls of the segments (fig, 696). In Ferns they are confined to 
the former position, and are very numerous in each tube. 

In all plants lower in the scale than the Angiosperms, sieve 
tissue contains no companion cells 

Tissue much like sieve tissue occurs in certain regions of 
the thallus of one of the^^rown seaweeds (Macrocyshs), In 
some others of the Laminarias similar structures are found, 
which are called trumpet liyphce It is, however, doubtful if 
their segments communicate 
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The three forms of tissue so far described, viz parenchyma, 
prosenchyma, and vascular tissue, combined m various ways, 
constitute the greater part of the plant body. Besides these, 
othei forms are ^jound in certain cases, having, however, a much 
more limited distribution We may here briefly describe the 
most important of these 

Lahciferous Tissue — Of this, two types occur In the 
Euphorbias, and some plants belonging to the Apocynacece and 
Asclepiadacece^ long, much-branched cells occur irregularly dis- 
tributed throughout the plant (fiq 698) They have often thick 
walls, and are filled with a curious milky -looking fluid known as 

Fig 697 Fig 698 




Fig 697 Laticlferou** ve'^sels (cell fusions) m Seorzonera root x 260 
F%g 698 Part of laticlferous cell from stem of Fuphorbta tplemiens x 260 

lateXf which has given them the nan|e of laticiferous cells. In 
the Compositce^ Fapaveracem, and other Natural Orders, ramify- 
ing tubular structures are found, much like the former, but com- 
posed of rows of thin -walled parenchymatous cells, the partition- 
walls of which have been absorbed. These, from their containmg 
a similar milky-looking oi watery latex, are known as lahciferous 
vessels (fig, 697) Laticiferous vessels generally form an anasto- 
mosing network, 

A modification of this tissue is found ip some monocotyle- 
donous plants, forming what are known as utricular veaseli. 
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These resemble laticiferous vessels in one particular, as they 
contain latex, m which are generally true raphides , on the other 




Fiq C99 Development of lysigenoas gland in stem of Hypericum 
The four figures represent successive stages x 260 



hand, they are unbranched and somewhat resemble sieve tubes, 
consisting as they do of long, broad cells with sieve-like septa 
They were first noticed by Hanstem 
in the scales of the bulb of 

Allium, 

Glandular Tissue — This has a 
much more limited distribution than 
the laticiferous tissue. It consists 
of single cells or of masses of 
cells of various shapes, sometimes 
long columns, sometimes ovoid or 
rounded collections. The cells which 
compose these masses are distm- 
guished by their power of forming 
pecuhar, generally aromatic, sub- 
stances, which either remain stored 
m the cells or are passed out into 
intercellular spaces or cavities or to 
the exterior. 

The cells are usually parenchymatous and filled with very 
granular protoplasm. The collections of such cells are commonly 



Ftg 700 Schizogenous re'iin- 
dttct in the young stem of the 
Ivy (Hedeta Mta;'), transverse 
section ( X 400) a. An early , 
F, a later, stage, g. The resin- 
ducts. 
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called glands, a name which is also applied to the cavities con- 
taining secretions, though the cells which formed them may 
have disappeared 

The glandub” tissue may be a solid mass of cells, as in 
the nectaries of such flowers as Fr^t^llar^a , it may form a 
passage or cavity, lined with cells and contammg the secretion, 
as m the resin canals of Ptnvs and other Comferce^ or in the 
globular receptacles for essential oil in the leaves of the Rue, the 
rind of the Orange, &c 

The cavities may originate in two ways In a tiansverse 
section of a very young stem or leaf of Ptmia^ or a stem of Hedera 
{fig 700, a), there may be noticed here and there a somewhat 
conspicuous cell, which divides by walls at right angles to each 
other, usually into four These cells are found in longitudinal 
sections to form columns which are frequently of some length 
A transverse section of a little older stem shows in each position 
a small group of cells which- separate from each other, so as 
to leave a passage m the centre Longitudinal sections at this 
stage show that this passage or channel extends the whole 
length ot the column , by continued separation and multiplica- 
tion of the number ot the cells suriounding the channel, a duct 
is formed which is lined by a delicate layer that secretes the 
resinous matter, and pours it out into the passage In some 
cases the secretion is formed in the internal walls, in others 
in the interior of the cells This mode of origin is called 
scliifsogenous 

In the case of the oil-glands of the Rue, Orange, &c , a small 
solid group or column of cells is formed from a single cell or a 
vertical row of cells, by repeated division The protoplasm of 
these becomes chaiged with drops of the secretion, and the ceU- 
walls m the centre of the mass degenerate and breakdown, leav- 
ing a cavity tilled with the secretion and with the remains of the 
cytoplasm of the disintegrated cells. Sometimes a peripheral 
layer does not disappear, so that th^ cavity remains lined with 
secreting cells This mode of origin is termed lys%genou8 
{fig 699). 

Occasionally both these methods may be met with in the 
formation of a gland. 

Besides these forms of glandular tissue isolated cells or single 
rows of cells containing secretions are not uncommon. They 
may contam tannm, mucilage,, or other products. They are 
generally parenchymatous and thm-walled. 
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CHAPTER III 

TISSUE SYSTIMS 

The combination of cells into tissues which we have now 
examined is an indication that in a cell mass such as con- 
stitutes the body of most plants there exists a division of 
labour, that instead of each cell practically hving for itself 
alone, as is the case in the simplest forms, each takes a 
definite share in the common life* work of the whole organism 
This division of labour is the explanation of the differentiation 
of the structure which we have seen, the forms and arrangement 
of the cells being such as enable them to discharge their special 
functions most advantageously Generally in the spoiophyte of 
the Phanerogams and Vascular Cryptogams three mam systems 
of tissue can be distinguished, each of which, though possessing 
bioadly characteiistic features of its own, may include more 
than one form of the tissues that ha\ e been described These 
are ihQ epidermal or a mcnf ary, chiefly protective in character, 
the fihro -vascular, which is mainly concerned m the conduction 
of fluids through the plant body , and the ground or fundamental, 
which IS lirmted externally by the epidermal, and through which 
the libro- vascular bundles pass It is concerned principally 
with the metabolic work of the plant, and to a less degree with 
its mechanical support. None of these is exclusively the seat 
of the function assigned to it as its chief work For instance, in 
most of the higher plants tjfe epidermis is comparatively short- 
lived in many parts, and the work of protection is then taken up 
by particular tissues belonging to the fundamental tissue , the 
latter also often includes certain forms of conducting tissue. In 
the gametophytes of these and of the lower plants the differen- 
tiation into these three systems is not nearly so complete. In 
most only the epidermal and ground tissues are represented , 
m some only the latter. In some of the Mosses there is a central 
strand which though not truly vasctilar tissue is an indication 
of it 



TISSUE SYSTEMS 


319 


In a growing point of the sporophytes mentioned above, whose 
structure has been described, indications of these three systems 
can be seen In fig 701 we have a representation of such a 
growing point yhe outer layer of cells is seen to bo continuous 
over the surface , it forms 
the dermatogen, which when 
adult becomes known as the 
epidermis Centrally there 
18 a mass of cells which show 
a general tendency to become 
longer than broad This is 
known as ihe plerome , it de- 
velops generally into a bulky 
strand or cylinder of tissue 
known as the stele, m which 
well-defined collections of 
cells known as vascular 
bundles originate Between 
the two there is a cylinder of 
tissue known as ihepetihlem, 
which consists of ground or 
fundamental tissue, and be- 
comes the cortex In some 
growing points with small- 
celled meristems these three 
systems can be seen to origi- 
nate m different layers of the meristem In others the differen 
tiation cannot be traced so far m the diiection of the apex In 
further de\elopment the stele is usually found to contain a 
certain amount of ground tissue besides the vascular bundles. 
We may therefore distinguish between stelar and extra-stelar 
ground tissue, the latter alone arising from the periblem, and 
constitutmg the cortex 



F%(j 70l (Growing point of tbe stem of u 
Dicotyledon After Douliot d Deimato- 
geu pe Periblem pi Plerome I Young 
leaf The dark lines are exaggerated to 
indicate the limits of the plerome, peri- 
blem, and derma bogen 


The Epidermal TisftJE System 

The body of nearly all plants which consist of a mass of 
cells is covered by a thin membrane composed of a sheet of 
cells. In the shoots of the higher plants this is derived from 
the entire dermatogen, and is known as the epidermis. It is 
usually only one cell thick In the roots the dermatogen gives 
rise at the apex to many layers of cells, forming the root-cap. 
In most Dicotyledons the mnermost of these layers can be 
traced backwards over the surface, and bears the root-hairs, 
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being known as the p%hferou8 layer. In the roots of Mono^ 

cotyledons and Cryptogams the true epidermis only persists 

at the apex, forming as before a 

* many-layered root-c^p The rest of 

the root bears a piliferous layer, but it 

is in these cases the external layer of 

periblem. The external layer of 

A roots IS consequently not a true epider- 

generally termed the epihlenia. 

^ dermatogen are 

Jp‘^} somewhat oblong when seen in section, 

^ and are usually rich in protoplasm 

J( ct grow older the walls become 

p thickened, especially on the outer sur- 

face(^</ 702) Viewed from the surface 

Fxq 702 Transverse section of they present a great variety of outline 

the petiole of a species of thickened walls become cuticu- 

Jiegonxa e Epidermis Nsith 

cuticle above and iiypoderma larised to a variable extent, par- 

their outer layers. In very 
with thickened angles v, v thick-walled cells these outer cuticu- 
^ne*ia'°pSich|Sa,‘'wow larised layers can often be stripped off, 
hypoderma After Sachs forming a sort of detachable structure- 
less membrane, termed the cuticle {Jig, 706). As the cells 
become adult they lose a great deal of their protoplasmic contents, 

Fig 708. Fio 704 




Fig 703 Vertical section through the leaf of a Banista a, a Epidermis 
c Spongiform parenchyma b Hairs which are contained in little de- 
pressions on the under surface of the leaf, and at whose base peculiar 

stomata are found After Schleideu Ftg 704 Epidermal tissue from 

the leaf of the Ins (Iris germanica) p, p Cuticle <, i, s Oval stomata 
e, e Epidermal cells After Jussieu 

and are filled with little more than water. The outer layers of 
the cuticle are often impregnated with wax, which sometimes is 
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so great in quantity that a coating of waxy particles is found 
to be deposited on the exterior 

The cells of the epideimis in the lower plants and in some 
aquatic memher| of the Phanerogams contain chloroplastids, 
but as a general rule these are absent from them The epidermis 
of aquatic plants does not become cuticularised 

Though usually only one cell thick, there aie many cases 
where the epidermis consists of several layers In the leaves of 
certain plants, such as F'icur (fiq 642), there are two or three 
layers. In the root-cap {fiq, 763) we have several layers , m 
various aerial roots, such as those of epiphytic Orchids, there 
is a special epiblema consisting of many layers of cells which 
have cuiiously pitted walls and no cell-contents. 


Fig 705 Fig 706 



Fig 706 Sinuous epidermis with stomata, from the garden Balsam 

Fiq 706 Vertical section of the epidermis of Hoya carno%a treated with 
caustic potash a The detached cuticle 6 The partially cuticularised 
layers of the ontei walls of the epidermal cells After Von Mohl 


The cells of the epidermis are, with certain exceptions, m 
close contact with each other, forming a continuous covering to 
the plant without any intercellular spaces This continuous 
coating IS, however, interrupted at^he apex of shoots whose 
growing point is marked by the presenceiof an apical cell {fiq 707), 
the latter always extending to the surface In some shoots, 
as m the thallus of Felvetxa, one of the Fucacece, the growing 
point IS depressed, m consequence of the growth of the lateral 
segments of the apical cell {fig* 708). 

The epidermis of the shoot in all the higher sporophytes 
possesses a number of apertures, produced by the splittmg of 
the common wall of two contiguous ce%; known as guard-cells, 
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immediately over a conspicuous intercellular space of the sub- 
jacent region. These apertures, known as stomata, may be 
regarded as the means of communication between the inter- 
cellular space system and the outer air (figs 709, s, and 710, s). 


Fig 707. Fig 708 



Ftq 707 Growing point of shoot of Fqmsetum arvense x 250 a Apical 

cell 6, c Successive segments cut off from it Ftg 708 Qroi\ mg 

point of the thallus of Pelvetia a Apical cell x 250 After Kny 


They originate by the vertical division of a mother- cell mto two. 
The partition between the latter thickens slightly, and splits so 
as to form an opening between them, 


Fig 709 





Fig 709 Vertical section 
of a portion of the epi- 
dermis of a leaf, show- 
ing a stoma slightly 
depressed « The stoma 
e, e Epidermis p 
Parenchyma beneath 
the epidermis I In 
tercellular space into 
which the stoma 
opens 


leavmg them still attached to each other 
by their ends The split constitutes the 
stoma, and the two cells are the guard- 
cells, They are commonly of a more or 
less semilunar form, and contain some 
chlorophyll grams ; when they are full of 
water their form causes them to become 
curved, so that the orifice is widely open , 
when they lose their water they relax 
and their edges come into contact, 
closmg it. 

Uponmakmg a vertical section through 
a stoma we usually find that the guard- 
cells are placed nearly or quite on a level 


with the rest of the epidermis. In some cases, however, and 
es|l^^lly when situated upon leaves of a leathery or hardened 
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texture, the stomatal colls are depressed below the others , in 
some rare instances, again, they are elevated above them. 

The stomata vary in form and position in different plants, 
and m differenti parts of the same plant, but they are always 
the same in any particular part of a plant They are usually 
placed singly upon the epidermis, at regular {fig, 704) or 
irregular intervals In Banhaia and some other plants we find 
little cavities in the under surface of the leaves which contain a 
number of hairs {fig 703, 6), and between the latter very small 
stomata. 

The distribution of stomata over the surface of the sporophyte 
varies very much They are found especially upon leaves, more 
particularly on the under suiface On the floating leaves of 

Fig 710 

B 


Fig 7X0 In these figures the development of the stoma of Hyacinthus 
orientalU is represented from the first division of the mother cell m k into 
two daughter-cells, to the complete separation sho\^n in d p^p Paren- 
chyma of the leaf e, e Epidermis tells s Stoma i Air-cavity After 
Sachs 




aquatic plants, such as the Water-lily, however, we find them only 
on the upper surface , while in succulent leaves and such as are 
placed vertically the stomata are equally distiibuted on the two 
surfaces. They occur also on the young green stems and branches 
of plants, and on parts of the flower.^ In those plants which have 
no foliage leaves, e.g the CactaceeSf they abound upon the green 
succulent stems They are absent, as a rule, fiom roots and all 
submersed parts of plants. 

The number of stomata vanes considerably The following 
table will give some idea of their abundance in leaves, and it will 
be observed that the number of stomata is usually greatest 
m those leaves from whose upper surface they are entirely 
absent. 
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Stomata %n one Square Inch of Surface, 



Upper surface 

Lower surf u e 

Mezeieon 

none 

4,000 

Paeony 

none 

13,790 

Vine 

none 

13,600 

Olive 

none 

67,600 

Holly 

none 

63,600 

Laurustmus 

. none 

90,000 

Cherry-laurel 

none 

90,000 

Lilac . 

none 

160,000 

Hydrangea 

none 

160,000 

Mistletoe . 

200 

200 

Tradescantia 

2,000 

2,000 

House Leek 

10,710 

6,000 

Garden Flag 

11,672 

11,572 

Aloe . 

26,000 

20,000 

Yucca 

. 40,000 

40,000 

Clove Pink 

38,600 

38,500 


Though the guard -cells of stomata can usually vary the size 
of the opening, or altogether close it, according to circumstances, 
this 18 not universally the case. In some plants large stomata 
occur whose guard-cells cannot change their form so as to do 
this These, which are known as water-stomata or water-pores, 
are chiefly concerned in the excretion of water, the ordinary 
form being adapted to regulate the escape of watery vapour only 
The cells of the epidermis are often prolonged outwards m 
the form of hairs or trichomes. They are borne upon both 
sporophytes and gametophytes The simplest ones are formed 
by the outgrowth of single cells of the general surface, which 
take the form of papillse or projections, making the surface 
rough or velvety, as that of the stigmas of many flowers. The 
root-hairs are long outgrowths of this kind, arismg from the 
root {fig 711) Generally, instead of remaining single, the 
originating cell, or mother cell, divides in various ways. The part, 
usually a single cell, which is embedded among the epidermal 
cells IS then called the /oot, while the free part which extends 
outwards forms the body of the hair. We frequently find a 
multicellular hair of this kind consisting of a chain of cells. 
Often the first free cell cut off from the mother-cell branches 
copiously, the branches sometimes growing horizontally, 
s^^bimes vertically. Hairs of various forms are thus pro- 
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duced, among which may be mentioned the stellate hairs of the 
Ivy, of Deivtzia scabra^ and the peltate hairs of many plants 
The body of a stellate hair may be tmicellular or multicellulai 
Larger hairs frequently arise from small groups of epidermal 
cells These also present the form of a foot and a body 

Scales are modifications of stellate hairs They may be 
defined as flattened, memfcranous, more or less rounded plates, 
attached by the centre to the epideimis, and presenting a more 
or less irregulai margin from the unequal prolongation of the 
component cells. These scales are particularly abundant on the 
surface of some plants, such as Elcsagnus, to 
which they communicate a scurfy or silvery 
appearance 

Other modifications of hairs which are 
allied to scales are the r ament a or ramen^ 
taceoas hairs so frequently found upon the 
stems and petioles of Ferns These consist 
of a single layer of cells which form a brown- 
ish flattened scale attached b^ its base to the 
surface o5 the epidermis from which it grows 
Hairs must be distinguished from prickles, 
warts, &c , which arise from the sub-epidermal 
tissue as well as the epidermis, and which 
have been termed emergences These, again, 
should be carefully distinguished from thorns, 
which we have seen to be aboitive branches 
The ordinary hairs described above may 
be empty, or they may contain fluid of a 
watery nature, either colourless or coloured. 

Hairs occur upon various parts of plants , their more 
common position is upon the leaves, stems, and young branches, 
but they may also be found on the flower-stalks, bracts, parts of 
the flower, the fruit, and the seed. A remarkable form occurs 
on young roots, where cells of the epidennis produce long tubular 
outgrowths which become very closely applied to the particles 
of soil. These are termed root-hairs (fig, 711). The hairs 
which occur on the parts of the flower frequently play an in- 
direct part in the process of fertiLsation by coUectmg the pollen 
which falls from the anthers ; hence such are termed coUectmg 
hairs. The collecting hairs which occur on the style of the 
species of Cantpa/nula are peculiar from their upper end retract- 
ing within their lower at the period oi «polhnation. 

Besides the forms of glandular tissue already desciibed, 


Fig 711 



711 Root-liairb 
on the surface of a 
>oung loot 
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certain secretions are formed in peculiar hairs These may 
arise from a single cell of the epidermis or from several. In 
some cases the secretion is formed inside one or more ceUs , in 
others it is due to a degeneration of the cell-way, and then accu- 
mulates under the cuticle of the terminal cell or cells {figs 712 
and 713) These glandular hairs or external glands may be 
sessile or stalked. If sessile they present various appearances, 


Fig 712 


Fig 714 



Ftg 712 Glandular hairs from Primula sinensf^ a Young hair 6 Hair 
showing secretion formed in the cell wall of the terminal cell c Hair 

after discharge of the secretion fig 713 Glandular hairs from Hop 

A Young hair b Mature hair se Secretion under the cuticle 

Fig 714 Sting of a species of e Epidermis g Glandular appa 

ratus Fig 715 Sting of the common Nettle (?7rrtca dioica), consisting 

of a single cell with a bulboijM expansion at its base, &, ana terminate 
above by a swelling, s, and containing a granular irritating fluid, /,/ 
tc e Epidermal cells surrounding its base 


and consist either of one secreting cell, or of two or more. 
Those with one secreting cell placed above the level of the 
epidennis are frequently termed papillce* 

Hairs with a very large and swollen terminal cell, which 
serves as a water reservoir, occur upon the surface of the Ice- 
plant {Meaemhryantliemum cryaialUnum), and it is to their 
presence that the peculiar appearance of that plant is due. 
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'When a sessile gland contains an irritating fluid, and is 
prolonged above into one or more hair-like processes, which 
are placed horizontally (fig 714), or vertically (fig, 716), we 
have a ating for^ied. 

In the Nettle (fig 715) the sting consists of a single cell, 
enlarged at its base, 6, by an irritating flmd /, /, which it con- 
tains, and tapermg upwards to near its apex, where it again 
expands into a rounded or pointed head, a. The enlarged base 
is closely invested by a dense layer of epidermal cells, c, which 
forms a kmd of case to it. When a Nettle is touched lightly 
the knob-like head, s, is broken off, and the sharp point of 
the sting then left enters the skin, while the irritating fluid is 
pushed up at the same time into the wound by the pressure 
occasioned by the elastic force of the surrounding epidermal 
cells, w e. 

The Ground or Fundamental Tissue System. 

Underneath the epidermis m the gametophyte of all cellular 
plants which show any differentiation of tissues, we find a mass 
of cells which constitutes the ground or fundamental tissue. 


Fio 716 Fig 717 



Fi(/ 716 Diagram of section of monostelio stem'^o^ ilicoti^e^nous plant 
c Cortex b Limit of stele, a. Vascular bundles, m i Medullary rays 

p% Pith Fig 717 Diagram of section of monostelio stem of mono- 

ootyledonoas plant a Vascular bandies c Cortex b Limit of stele 

In the sporophyte of the vascular plants, which is m their 
case the prominent form, we can diistingmsh in addition a 
central stele or steles, largely cos^sed of vascular tissue, but 
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containing some fundamental or conjunctive tissue interspersed 
among the latter (figs 716 and 717) The fundamental tissue 
in these forms may be spoken of as extra-atelar and intra-stelar 
respectively, the foimer derived from the perVilem, the latter 
from the plerome. If there is a single stele the extra-stelar 
fundamental tissue constitutes what is known as the cortex, and 
has the form of a hollow cylinder It is the region which is 
continuous with the periblem of the growing point {fig, 701). 

Extra-stelar Ground Tissue, or Cortex, 

Generally'ground tissue is composed of parenchyma, the cells 
bemg polygonal in outline and thm-walled, with intercellular 
spaces between the cells Sometimes the walls are slightly 
thickened, and then show pits upon their surfaces The tissue 
may contain, in addition, fibres or masses ot sclerenchyma or 
collenchyma, especially when the vascular bundles of the stele 
are not weU developed 

These masses are arranged m different ways, sometimes as 
a sheath underlying the epidermis, sometimes as isolated 
strands in the substance of the cortex, or the external layer 
of the stele, sometimes as sheaths or masses, m contact with 
the vascular bundles. They may be connected together in 
various ways, and thus form a supporting tissue supplementing 
the vascular bundles. These sclerenchymatous and collenchy- 
matous masses together with the hardened elements of the vas- 
cular bundles are often spoken of as the stereome of the plant 

The cells of the parenchyma retain their protoplasm, and are 
largely concerned m the metabolic processes of the plant. The 
outer layers frequently contain chloroplastids, starch, &c. Gene- 
rally in the axis of vascular plants the external layers of the 
cortex differ to a vanable extent from those nearer the centre, 
and can be recogmsed as a well-marked region, often called the 
hypoderma. The mnermost layer, which abuts upon the stele, 
or steles if there are more tha^i one, constitutes the endodermis. 

The hypoderma is often found to con tarn supporting tissue. 
In many stems it is composed entirely of layiprs of sclerenchyma, 
as in the rhizomes of many Ferns and specias’of Equisetvm, In 
succulent petioles it is often composed of c^enchyma. 

In the hypoderma of roots the second' If^r of the cortex is 
known as the exodermis {fig, 718). Its waW are usually thin, 
with a ladder-like thickening band extending round their radial 
and upper and lower surfaces In Monocotyledons it persists 
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throughout the life of the root , in Dicotyledons it is soon shed 
and replaced by a deeper corky formation In some plants the 
exodermis is several layers of cells in thickness. 

In foliage leq^i^es the hypoderma sometimes shows a large 
development of sclerenchyma, as in many of the Comferee 
(fig 719, li). In the leaves of certain Monocotyledons it consists 
of aqueom tissue^ being 
made up of thin-walled 
parenchymatous cells 
which contain little more 
than water, and are 
packed close together 
without intercellular 
spaces Some succulent 
leaves have their ground ^ 

tissue entirely composed 

of this ep Epiblcnui ec Exodermis c Cortex 

The general ground 

tissue shows a peculiar chaiacter in the wings of foliage leaves, 
the cells,* though parenchymatous, not bemg at all like those of 
the stem. On one or both sides they are found to be elongated 
and arranged in one' or several rows, with their long axes at 



Fuf 718 Outer part of root of Hyacinth 
ep Epibkma ec Exodermis c Cortex 
x250 


Fig 719 


Fig 720 




Fig 719 Poition of transverse section of leaf of I^inus e Epidermis h 
XT — ran nt leaf nf Reta e Enidermis V t Pali- 


ruiwou WttUBVClOC V* a -r. 1 

Hypoderma Fig 720 Section of leaf otBeta e Epidermis p t Pali- 

sade tissue sp Spongy parenchyma • 


right angles to the surface. They have a number of chloroplasts 
embedded in their protoplasm. From their mode of arrange- 
ment they have been called palisade tissue (fig* 720, jp.^.). ^ If 
this tissue IS only on the upper side of the leaf, the lower side 
shows more irregularly arranged chlorophyll-containing tissue 
which from the looseness of its arrangement has been called 
spongy parenchyma (fig 720, »jp)« ^It is chiefly remarkable 
for its abundant intercellular spaces. ^ 


330 


MANUAL OF BOTANY 


The general ground tissue of the cortex may contain many 
other kinds of tissue already described , resin ducts, laticiferous 
tissue, &c., all occur in different plants 

Crossing the cortical tissue of the stem we find fibro* vascular 
strands joining the meristeles of the leaf with the mam axial 
stele As we shall see later, the leaves are derived from the 
periblem and dermatogen of the stem, the plerome taking no 
part in their formation. We find that parts of the periblem 
give rise in this way to vascular tissue, though the chief place 
of origin of the latter is the plerome The vascular strands 
continuous with those of the leaf are known as leaf -trace 
bundles 

In rare cases certam strands of vascular tissue are found in 
the cortex, developed longitudinally down the stem for some 
distance parallel to the stele These are generally leaf- trace 


Fig 721 Fig 722 



Ftg 721 Endodermis and pericycle of root of Iris end Endodermis 

p c Passage cell pe Pericycle Ftg 722 Endodermis of root with 

cogged thickening 


bundles, which ultimately curve and join the bundles of the 
stele 

The innermost layer of the cortex is the endodermis It 
forms a band of peculiar character round the stele, or round 
each stele if there is more than one The cells composmg this 
layer are sometimes thickened umformly, or on the side facing 
the stele and on the latepl walls (fig. 721) they are more 
commonly thm-walled with a peculiar ladder-like thickening 
band extending round their radial and upper and lower surfaces. 
This in section gives the appearance of fig. 722, end. In other 
cases, particularly m stems, the endodermis is only recognisable 
with difficulty. ^ 

In rare cases, as in the roots of Equxseium and the stems of 
certam Ferns, the endodermis consists of two layers 

In the cortex of all those stems which grow m thickness a 
further modification of ground tissue is developed. This is the 
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tissue known as cor'k. It is not confined to the cortex, though 
the latter is the chief seat of its formation. It may be formed 
also in the cells of the epidermis or in some part of the tissue 
of the stele In ^ost cases it arises from the outermost layer 
of the hypoderma becoming 
meiismatic, and dividing 
repeatedly by tangential 
walls, forming a layer, often 
several cells thick, of brick- 
shaped cells without inter- 
spaces {fig 723, per) The 
cell-walls remain thin, but 
generally become completely 
suberised The merismatic layer of cells is known as the 
plielloqen {fig. 723, ph .) , it is classed as a secondary meristem, 
the cells regaming the power of dividing after having assumed 
the condition of permanent tissue 

Sometimes it is not the outer layer of the hypoderma which 
becomes phellogen, but one deeper m the cortex. The depth 
varies in different stems it may be seated so far inwards as to 
be within the hmits of the stele It never extends within the 
wood of the vascular bundles. Sometimes many phellogens are 
developed in succession, 
each of which gives rise 
to a cork layer. 

Whatever be its origin, 
it gives rise to the same 
forms of tissue, externally 
cork, and internally often 
to a secondary cortex 
known as phelloderm* 

The phellogen and the 
tissues which it forms both 
internally and externally 
have been called periderm by some authors , by others the teim 
periderm is restricted to the layers formed on the outside only 
of the phellogen, the phelloderm and the phellogen being dis- 
tinguished from it. 

A variety of ordinary penderm is formed m some cases by 
strata of thickened or hardened cells occurring among the thm- 
walled suberised ones This is the case when the activity of 
the same phellogen is maintained for several years In roots, 
cork IS found less frequently m the^iypoderma , generally the 



Fig. 723 



I'tg 723 Outer portion of cortex of 
young stem of Lime ph Phellogen 
per Cork 


3B2 


MANUAL OF BOTANY 


phellogen arises in the external layer of the s — xnown as the 
pervcycle. It may or may not be accompanied by a development 
of phelloderm. In leaves the occurrence of cork is rare It is 
found m the scales of the winter-bud of the^ Horse-chestnut, 
and m the petioles of Hoya carnosa and a few other plants 


Fig 725 



Ftg 726 Section of stele of root After Kny en Bndodermis pe Peri- 
cycle X Xylem bundles, thof protoxylem, a:,, abutting on the perlcycle 
ph Phloem bundles alternating with the bundles of xylem p Pith, or 
conjunctire tissue of the stele 


Cork 18 also formed as a covering over any portion of the 
mtenor of a plant which is exposed to the air in consequence 
of injury. The injury stimulates the exposed uninjured cells to 
m 6 nsmatic activity, and a phellogen is formed over the wound. 

Cork is formed in all stems and roots that increase in thick- 
ness ; it occurs m most Dicotyledons and Gymnosperms , some 
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Monocotyledons , in the Marattiacece and \n Botrycliium among 
the Cryptogams. It is not found in herbaceous plants. 

The development of cork and its effect upon the structure of 
the stem and ro^ in woody plants will be further discussed in 
connection with the anatomy of these members 

From the character of its cell-walls and the arrangement 
of its cells, the cork forms a layei impeivious to the passage 
of water or gases At certain places in both stems and roots 
special structures are de\ eloped to allow of the admission of air 
to the tissues underlying it These are lenticela In stems 
they are generally developed under places m the epidermis 
where stomata are present Each consists of a little rounded 
spherical mass of corky cells arranged loosely together. They 
become exposed to the air by rupture of the epidermis above 
them. In the autumn a formation of cork takes place undei 
them, by which the communication with the exterior is cut off 
till the succeeding spring {fig, 724). 

Intrastelar Ground Tissue. 

The mtrastelai ground tissue is somewhat varied m its dis- 
position In a monostelic stem or root the whole stele is sur- 
rounded by a layei of usually parenchymatous tissue abutting on 


Fig 726 Fig 727 



ttg 726 Diagram of monostelio stem of Dicotyledon c Cortex b Limit 

of stele, a Fibro-vascular bundles pi Pith m r Medullary rays 

Fig 727 Diagram of section of monostelic stem of mouocotyledouous plant 
a Vascular bundles c Cortex b Limit of stele 

the endodermis and extendmg inwards for a variable distance 
This IS known as the pericycle, In^ roots (fig. 726, pe) it is 
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generally composed of a single layer of cells ; in most stems, of 
several layers The cells are usually parenchymatous, but bands, 
rings, or patches of scleienchyma may be present. Frequently a 
number of such thickened cells abut upon the Vascular bundles 
In roots merismatic tissue is often developed m the pericycle 
In consequence of this, secondary formations of both vascular 

Fig 728 



Fig 728 Collateral bundle frg/fi stem of a Monoootj ledon ph Phloem 
r Xylem vessels pph Protophlodm The bundle is surrounded by a 
small-celled sheath of sclerenehyma After Kny 


tissue and periderm occur there In the stem and petiole glan- 
dular tissue 18 frequently met with. 

The disposition of the rest of the mtrastelar ground tissue 
depends t»on the arrangement of the vascular bundles m the 
stele. Wmpaay distinguish several types. The vascular bundles, 
few in number, may be arranged as a circle of wedge-shaped 
bodies just within the pericycle, as m the stems of Dicotyledons 
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and most Gymnosperms. Then this part of the conjunctive 
tissue consists of a central mass or and a number of 

strands extendmg between the latter and the pericycle, constitut- 
ing the so cdM^digifiedullary rays The vascular bundles may be 
numerous, and arranged irregularly, or m a series of circles, m 
the stele, as in the stems of Monocotyledons. Sometimes the 
centre of the stele of the latter is free from them, and we can 
speak of a pith. It is usually, however, very ill-defined. It is 
customary not to speak of pith m these stems, but merely 
interfascicular ground tissue. The latter is generally most con- 
spicuous towards the centre of the stele It often contains 
scleienchyma, either in isolated patches, or m the form of 
sheaths surrounding the vascular bundles (fig 728) In many 


Fig 729 



Ftg 729 Stele of stem of Fern, composed of three fused concentric bundles 
en Endodermis pe Pencycle vh Phloem pv Groups of protoxylem 


roots the part of the stele within the pericycle consists of a solid 
vascular cylinder containing no conjunctive tissue ’at all, or only 
a little dipping in from the pericycle in the intervals between the 
bundles , while m other cases there may be a central hardened 
pith closely surrounded by the bundlls, and not communicating 
with the pericycle by regular medullary rays 

In Dicotyledons isolated vascular bundles sometimes occur in 
the pith. Where a large pith exists the cells of it tend after a 
time to break up and disappear, formmg hollow stems, as in 
many members of the Umhelhferce, These hollow stems are 
extreme mstances of lysigenous formations 

In polystelic stems each stele, m addition to its envelope of 
endodermis, is surrounded by a layer eJf pericyple 3uch steles 
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are usually composed of solid vascular tissue, and do not show 
mtrastelar ground tissue, both pith and interfascicular ground 
tissue being absent (flq, 729). 


The Vascular Tissue System 

The Stele — We have seen that the centre of the tissue of 
the growing point, which has been named the plerome, develops 
into a solid strand of complex character, forming the stele 
Usually this remains single throughout the axis, and the plant is 
termed monosteUc The arrangements of its parts are different 
m the stem and the root, but there is a single central cylinder 
running throughout the whole axis Separate poitions, known 
as meristeles^ pass outwards from it to the leaves If a section 

Fig 730 

St 



Fig 730 Polystelic stem of Fern st btele'? sc Bands of solerenchj ina 
hy Hypodermal sclerenchyma ep Epidermis 

of such a stele be taken a k'ttle way behind the growing point, 
there can be seen variously placed m it a number of collections 
or groups of small cells, very well defined and marked off con- 
spicuously of the tissue. These are sections of 

strands of ^ e^jjl^d'alled procambtum strands^ which a little 
later are traitfrormed into the vascular hmidles. Great differ- 
ences appear m different steles in the composition and arrange- 
ment of the latter, as already described. Between them we find 
ground tissue , and a layer of the same, the pericycle, surrounds 
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the whole stele externally, lying in contact with the endo- 
dermis The general arrangement of the mtrastelar ground 
tissue has already been described 

In many st«ms this monostelic structure is not found 
Several separate steles sometimes exist, each containing 
vascular bundles and surrounded by layers of pericycle and 
endodermis Such stems are known as polystehc {fig, 730) 
In some stems of this type the separate steles, or some of them, 
are fused together for variable distances along their course 
The pericycle and endodermis then surround the mass formed 
by such fusion, and the arrangement is called gamo-desmic 
If the original plerome is not continued into a single 
cylinder surrounded by an endodermis, but instead gives rise 
to a number of strands, each consisting of a single vascular 
bundle surrounded by a pericycle and endodermis, we have the 
condition called astely or athizostely This differs from 
polystely in that each stele m the latter case is composed of two 
or more vascular bundles 

The formation of the several steles m polystelic stems is due 
to the differentiation of the cells of the plerome varying at 
different times during the growth of the axis or stem The 
endodermis of the steles is not m this case, and m that of astely, 
derived entirely from the periblem, but part or all of it springs 
from the plerome 

The Pericycle — As we have seen, this portion of the stele 
IS to be regarded as ground tissue. It presents certain chaiac- 
teristic features in different portions of the axis Generally, its 
cells are thin- walled and parenchymatous, and form a continuous 
layer over the stele In the stem it is usually seveial layers of 
cells thick, and may contain a variety of tissues, including bands 
or strands of collenchyma, sclerenchyma, or glandular tissue. 
In the root it is usually only one cell thick, and the cells are 
all parenchymatous. An exception is found m nearly all 
Gymnosperms, where it is many-layered. There is, however, a 
good deal of variety m its construction m many roots. It is not 
always continuous, being absent behind the woody bundles of 
many grasses and sedges and some other Monocotyledons, m 
which the protoxylem cells abut directly on the endodermis. 
In other cases its contmmty is interrupted behind the bundles 
of the bast, particularly m several aquatic Monocotyledons 

Though generally of uniform thickness m roots, this is not 
without exception. It may be several ^ells thick opposite to the 
bast bundles, as in the aerial roots of^some Orchids, or behind 
VOL. I. Z 
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the wood bundles, as in some heguminoace Whore it is many- 
layered the cells may become sclerotised. 

The pericycle is often the seat of secondary formations, due 
to certain of its cells becoming mensmatic •Phellogens espe- 
cially arise there, leading to the development of layers of coik 
This IS particularly the case in roots, where such phellogens 
extend completely round the stele Another iiieristem giving 
rise to vascular elements is also developed in the peric;ycle of 
the root , but this is discontinuous, occurring only outside the 
bundles of the wood. Its separate paits join a number of strands 


Fio 731 

i n ph c c 



Fig 731 Collateral bundle of Jitcinu^ en liiidodermis p/i Plilofew 
c Gambiuin px Protoxylem c Xylem c Interfascicular cam- 
bium A.fter Sachs 

of a similar meristem ari^^ng more deeply in the stele, forming 
thus a sinuous img of generating tissue, or camhimn 

In all plants above the Vascular Cryptogams the pericycle 
gives rise to the laterM rootlets. 

In some a<]^atic roots the peiicycle is not present, but the 
vascular tissue of the stele abuts directly on the endodennis. 
This IS the case also in the loots of the Eqmaetacece^ and in the 
stems of Salvxma and Aaollay where the endodermis is two- 
layered. 

The Vasculm Bundles , — Each fully differentiated vascular 
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bundle consists usually of two parts, called the xylem^ or woody 
and the phloerriy or hast The xylem is made up of what has 
heen described as tracheal tissue mixed with a certain amount 
of wood ‘parenckyma and wood fibres Its walls are always 
lignified, and usually the cells are empty of contents. The 
phloem IS made up largely of sieve tissue with a little paren- 


Ficf 732 . 



/fV 732 Collateral bundle fiom stem Monocotyledon ph Phloem 
X Xylem vessels p ph Protopliloem The bundle is surrounded by a 
small-celled sheath of sclerenchyma After Kny 

chyma Associated usually with it is also a certain, sometimes 
a large, number of fibres. Bast or phloem cells are never 
lignified, and always contain protoplasm. 

In addition to wood and bast certain bundles contam a thin 
layer of meristem, known as cambium. 

The wood and bast, though usually combmed into a single, 
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or conjoint^ bundle, may be separate, when they are spoken of 
as wood or bast bundles respectively. 

The number of bundles m a stele varies greatly. They 
are usually very numerous in the stems of cMonocotyledons 
{fig 727) but few m those of Dicotyledons (fig» 726) and Crypto- 
gams (fig 120) , there may be only one, as in the separate 
steles of schizostelic, and the smallei steles of polystelic, stems. 

According to the mode of arrangement of the wood and bast, 
we have several types of vascular bundle The two principal 
ones are the collateral and the concentr%c 


Fia 733 



Fig 733 Stele coiisisting of one concentric bundle fiom Fern btem 
en Endodermis p Pencycle ph Phloem px Protoxylem x Xylem 

Collateral Bundles — distinguish again two kinds of 
these, one characteristic chiefly of the stems of Gymnosperms 
and Dicotyledons, the other of those of Monocotyledons. 

In the first variety the bundle is roughly wedge-shaped, and 
the bast is placed^ behind the wood (figs, 731,>llihd 748, b) The 
orientaiton of the bundle or its position m the stele is such that 
the narrow end of the wedge is directed towards the centre of 
the stem, and its broad end towards the peripheiy. In such a 
bundle the wood and the bast are generally separated by a band 
or layer of cambium. In some cases the wood and bast m a 
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bundle of this type are m contact with each other, and there is 
therefore no cambium Such a bundle is said to be closed^ m 


Fig 734 



'px, \poc ^px 

Fig 734 Stele of stem of Fern (Pplypodium), composcil of three fused concentric buntlles 
en Endodermis pe Pencycle ph Phloem pr Groups of proto vylem 


Fig 735 
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contiadistmction to the form in which all three aie present 
A bundle possessing cambium, which is a mcristem, is capable 
of continued increase in size, and is said to be open 

Some bundles of this t’spe, occuiimg esp(^iall> in Cucurht 
face CP and a fe^\ othei natiiial ordcis, h|\e a second bast 

Fig 736 



Fig 736 Section of stele of root After Knj *>n Entlodermis pe Peri- 
cjcle X Xylem bundlea, the protox^lem, r,, abutting on the perloytle 
pfi Phlofem bundles alterngfmg with the bundles of xylem p Pith, or 
conjunctive tisaue of tlie ste’e 


bundle on the inner face of the wood. These are called 
bicollateraL 

The second variety of collateral bundle is not so markedly 
wedge-shaped The wood is never separated from the bast b^ 
a cambium layer, but tends to curve partially round it as in 
fig, 732 The orientation of these bundles is similar to that of 
the first type. 
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Concentric Bundles ^ — Of this foim weha^o again two vane 
ties. In most the wood is central, and is surrounded by a layei 
of bast This is seen in most Feins {fig, 733). Sometimes an 
apparently concentric bundle is formed by the fusion of a number 
of wood bundles to form a single mass, which is surrounded by 
a ring of bast, itself the result of a fusion of separate bundles. 
Such a bundle is teimed gamodesmtc it may be seen in many 
Selaginellas and Ferns {fig 734). It is better regarded as a 
stele 

In the other variety we find the bast cential, and the wood 
Fm 737 

/V s .s' 1U-' i> w /> c St st ph rt C' 



Fig 737 Radial vertical section through a collateral fibro-vascular bundle 
from the stem of the Sunflower p' Pith s^s' Spiral vessels (Fioto- 
xyUm) w\w Wood-cells />,/? Pitted vessels c Oambiiini Sieve 

tubes ph, Fibres of the pencycle w Bundle sheath c' Cortex After 
Prantl 

sunounding it It occurs m a few Monocotyledons {fig. 786) 
Concentric bundles never contain*any cambium. 

The wood and bast bundles of the stele of the root are not 
conjoint but separate. They are said to be radially arranged 
as they he side by side alternately in a circle round the axis 
{fig. 786). They are always separated by interfasciculai ground 
tissue. A variety, which leads to an appaiently very complicated 
structure in the adult form, is found m the stems of Lycopodium 
and some allied plants, where the separate bundles ultimately 
become gamodesmic {fig. 766). f 
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The longitudinal course of the bundles in the stele varies 
very much in different stems, and will be best described when 
dealing with the structure of the latter 

In some cases they can be traced up to the ^lerome, beyond 
the insertion of the leaves, when the bundles are called cauhne. 
In other cases they are continuous with the bundles in the young 
leaves Being common to stem and leaf, they are known as 
common bundles 

Fig 738 



px V 

Ft() 738 Oollateral bundle of Rtcinui en Endodermis ph Phloem 
c Cambium pr Protoxylem x Xylem %fc Interfascicular cambium 


D%fferenhahon of the Bundles, 

The transformation of the procambium merismatio cells into 
the permanent tissue of the vascular bundle does not take place 
all at once, but begins at definite spots and extends m a regular 
manner from those points. In the first type of collateral bundle 
described above, the development of wood starts by the differentia 
tion of a spiral or annular vessel or row of traeheids situated, 
with few exceptions, at the apex of the wedge, forming the 
protoxylem (fig, 738, px) This is the only point at which 
spiral or annular vessels ever occur in such a bundle The dif- 
ferentiation then proceeds gradually backwards or centrifugally, 
forming the primary wood, which consists of vascular and 
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parenchymatous elements with thickened ligmfied walls. The 
vessels and tracheids are variously pitted, as already described, 
and they lose their protoplasmic contents. 

The outer pyt or bast of this type of bundle begins to be 
differentiated at a place at the exterior of the wedge-shaped 
mass, where a few sieve tubes and their companion cells may 


Fio 739 



Fig 739 Collateral bundle from stem of -a Monocotyledon ph Phlodm 
X Xylem vessels px Protoxylem p^ Protophlofem The bundle is 
surrounded by a small-celled sheath of sclerenchyma After Kny 


be observed. These constitute the protophloem. Their shape 
becomes altered by pressure within the bast , their walls ap- 
pear swollen and their cavities almost mdistmguishable. The 
differentiation of the rest of the bast proceeds then centripetally 
towards the wood. In some cases the wood and bast come to 
meet as above described , in others a band of the procambium 
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between them does not become permanent tissue, but letains its 
merismatic powers This constitutes the cambium of the bundle 
( fig 738, c) Its cells are usually elongated parenchyma with 
thin walls and granular piotoplasm B\ this ^nerismatic layer 
the bast on the one side and the wood on the other are increased, 


Fio 740 



Fig 740 Section of stele of root After Kny en Endodermi^ pe Pen- 
cycle a- Xylem bundles, the protoxylem, abutting on the perlcycle 
ph Phloem bundles alternaWng with the bundles of xylem p Pith, or 
conjunctive tissue of the stele 

so that the conjoint b^undle grows both inwards and outwards 
This fascicular cambium is a primary meristem. 

The collateral bundle of the second type is similarly de- 
veloped from the procambium strand The protoxylem is an 
annular or spiral vessel of some size, occupying a position in 
the front of the bundle Frequently it abuts on a lysigenous 
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intercellnlai space, as seen in fig 739 The protophloem, again, 
lies at the back of the bast , there is no cambium left between 
the bast and wood 

In the con(jpntric bundle both protoxylem and protophloem 
can be identified If the section of the bundle be circular, the 
protoxylem lies at the centre of the cncle (fig 733) In con- 
centiic gamodesmic bundles there may be several gioups of 
protoxylem These arise in some cases on the peripheiy of the 
xylem strand, as in some Selagmellas and Feins , m some othei 
Feins thev aie situated more internally {fig 734) The pro- 
tophloem aiises at one oi more points on the outside of the 
circiimfeiential 7 one of bast 

In radially arranged bundles each strand of piocambium 
becomes completely converted into either wood or bast The 
position of both protoxylem and protophloem m these is always 
external {fig 740), so that the differentiation of the primary 
wood IS centripetal instead of centrifugal, as m the collateral 
bundles. 

This diffeience of direction of foimation of the primary 
wood ^s one of the most impoitant anatomical differences 
between the stem and the root of a phanerogamic plant 



348 


MANUAL OF BOTANY 


CHAPTEK IV. 

THE STRUCTURE OF THE STEM 

Dicotyledonous Type 

As we have already indicated, the stem shows considerable varia- 
tion in its structure, dependent chiefly upon the arrangement of 
the vascular tissue in the stele In the great majority of forms 

the stem is monostelic, and 
its tissues are arranged on 
one of two plans, leading to 
recognition of the twb types 
especially characteristic of 
Dicotyledons and Conifers on 
the one hand, and Monocoty- 
ledons on the other 

The dicotyledonous stem 
m its very young condition 
shows us m a longitudinal 
section of its apexameiistem 
of small cells, usually dis- 
playing dermatogen, peri- 
blem, and plerome {fig 741) 
A little way behind the apex 
the plerome can be seen in 
transverse sections to be 
marked off more or less dis- 
tinctly by the innermost layer 
of the periblem 

The epidermis consists of 
a sheet of cells with cuticularised external walls, closely attached 
to each othei, and having no intercellular spaces except the 
stomata, of which it bears a considerable number. The cells 
are usually empty save for the presence of water, except in 
aquatic plants, when they contain chloroplasts These stems 



Growing point of the stem of 
Dicotyledon After Douliot d %Der- 
inatogen pe Periblem pi Plerome 
I Young leaf The thick lines are exag- 
gerated to show the limits of the three 
regions 
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have no stomata Frequently the epidermis is provided with 
hairs of various shapes, and occasionally secreting cells are found 
among the others The hairs, too, are often glandular. 

The cortex consists typically of parenchyma, with numerous 
intercellular spaces. The outer layeis frequently contain 
chloroplasts, starch grams, &c Bands, sheaths, or isolated 
patches of sclerenchyma are often present The innermost 
layei constitutes a sheath round the stele, named the endodermis 
(jig 742, en), which is sometimes conspicuous, but generally 

Fio 742 


en 2^^ c ij c 



px X 


Fifj 742 Collateral bundle ol Ilicinui en Eudodermib ph Phloem 
( Cambium pi Protoxylem x Xjlem ij c luterfabcicular cambium 
After Sachb 

very dithcult to identify It can sometimes be recognised by its 
cells being crowded with starch graSis 

The cortex often increases along longitudinal lines, making 
the stem ribhedy or in isolated spots, producing emergences or 
prickles. Both ribs and prickles are covered by epidermis. 

The epidermis and cortex persist throughout the life of 
herbaceous stems, but m those which increase much in thick- 
ness both are ultimately replaced by bark. 

Not far from the apex of the stele the procambium bundles 
become differentiated, and in transverse section are seen to be 
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Fig 743 Diagram of stem o£ Dicotylalon at tlfPee ages A. Young condi- 
tion b1io\\ ing commeucemeut of differentiation of the stele and its fibro- 
vascular bundles a Procambium bundles arising in &, the stele c Oortex 
m r Medullary ray Pith n A little older stage p Phloem 
r Xylem c Fascicular cambium ic Interfascicular cambium One of 
the bundles has been shaded t Older stage after the commencement of 
secondary thickening px Protoxylcm a Secondary ^^ood ph Secon- 
dary bast, a New bundles formed by the mterfasoioular cambium in the 
primary medullary rays Tlie secondary medullary rays are indicated by 
the black radial lines in the bundles. After Sachs 
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arranged in a ring surrounding a central pith They are 
sepal ated by conjunctive ground tissue, strands of which extend 
from the pith to the circumferential peric;>clc These strands 
constitute the pfimary medullary rays As they get older the 
differentiation of the vascular bundles fioiii the piocambium 
takes place, the protox^lem lying next the pith, and the proto- 
phloeiu abutting on the pencycle The bundles of such a stem 
are collateral When they aie numerous, and consequently 
close together, the protoxylems form a more or less evident 
ring round the pith, and constitute the so-called medullary 
sheath 

The differentiation of the vascular elements does not usually 
extend throughout the bundle, but a naiiow layei of meristem 
IS left between the bast and wood, the cambium (fi(j 742, c) 

This meristem forms new wood and bast by repeated dl^ isions 
of a single layei; of cells, the ^vood upon its mteiior, the bast 
upon its exterior suiface Through the activity of the cambium, 
therefore, the individual bundles glow in a ladial diiection 
The divisions of the cambium are chiefly tangential m direction, 
but radial ones also take place, as the cambium becomes piessed 
towards the exterior of the stem by the accumulation of the 
wood it IS continually forming The bundle thus becomes 
bioadcr as well as longer, as seen m tians\erse section 

Soon after the differentiation of the primary bundles is com 
plete, changes take place m certain cells of the medullary lays, 
which become meiismatic and form a band of cambium across 
the rays This always occurs between the cambiums of the con- 
tiguous bundles, so giving rise to a ring of cambium round the 
stem at that point The portion of the ring which is foimed 
in the rays, and which difiers fiom the rest by being a ^ 

meristem, is known as the interfabcioular cambium (Jig 742, 
if c) The interfascicular cambium not only forms new parenchy- 
matous tissue in the ray, maintaining its existence, but part of 
it forms also new wood and bast like the cambium of the 
bundle We may get new vasculSr bundles intercalated in this 
way between the original ones, or we may have the latter con- 
tinually increasing in-breadth, their number remaming constant. 
When new bundles are thus formed they can bo distmgmshed in 
the stem by not possessing any protoxylem, and by not being 
contmued outwaids into the leaves as are the prmiary ones. 

New medullary rays or radial bands of parenchyma are 
formed in the substance of the bundl^ps by the cambium as the 
mass of wood increases, which are kn^n as aeconda/ry medullary 
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rays They differ from the primary ones not only in this mode 
of origm, but also by not extending to the pith on the one hand 
or to the pericycle on the other. Their extent in a vertical direc- 
tion also varies considerably in different cases c 

The medullary rays, both primary and secondary, usually 
widen out in the bast in consequence of the stretching of the 
tissue brought about by the continuous increase of the central 
mass of wood This leads to radial divisions of the cells of the 
medullary rays towards their outer ends 

The cells formed by the cambium undergo similar trans- 
formations to those of the procambium The tissue of the two 
meristems is somewhat ditierent, however, the procambium cells 
being elongated and nairow with square ends, while those of the 
cambium are prismatic The behaviour of the two is difterent, 
the divisions of the procambial cells taking place in three planes, 
those of the cambium chiefly tangentially, but J/O a slight extent 
radially as well 

The activity of the cambium is greater towards the interior 
of the stem than outwards, so that much more wood is formed 
than bast 

The cells when first cut off from the cambium are thm- 
walled and hardly distinguishable from the merismatic cells 
Gradually they become changed to the permanent form Those 
which are to form xylem parenchyma divide transversely, 
becoming cubical instead of prismatic. Those destined to be 
tracheids or segments of vessels increase considerably m 
diameter, displacing and compressing the adjacent cells They 
thicken regularly or irregularly, as before described. The fibres 
which originate from the cambium exhibit a curious mode of 
growth, their upper and lower ends, which are, like those of 
the cambial cells, somewhat pointed, growing past those of the 
cells above and below them, which behave similarly Thus the 
separate fibres extend themselves between their neighbours, 
and often attain considerable length Their transverse diameter 
does not increase as in the ^ case of the vessels. This mode of 
behaviour is known as shdxng growth It is seen not only in 
the young stem, but often in cases where growth in thickness is 
not accompanied by growth in length, when it causes curious 
displacements of the tissues. 

In the Comfers the secondary wood formed by the cambium 
consists of fibrous tracheids whose radial walls are furnished 
with bordered pits (fig. 688). 

The cells of the secondary bast include chiefly parenchyma and 
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sieve tubes. The latter show a little peculiarity in their develop- 
ment, whether from cambium or procambium. The segment of 
the merismatic cell which is about to give rise to a sieve tube 
cuts off by longitudinal walls one or sometimes two segments, 
which are much smaller than the remainmg one These con- 
stitute the companion cells {fig 744, c ) , each remains filled with 
protoplasm and contains a large nucleus The remaining cell 
slightly thickens its end walls, which become perforated, forming 
sieve plates, through which the contents of the adjacent cells com- 
municate (fig» 1^4t, 8p)» The nucleus breaks up and disappears. 


Fig 744 



Fig 744 Sieve tube and companion cells s t Segment of the sieve tube 
s p Sieve plate c Companion cells, x 540. After Strasburger 


SO that the mature sieve tube has not a nucleus. The sieve 
plates have later a deposit of callus upon them, which also lines 
the perforations. 

In Gymnosperms the sieve tube4 have no companion cells. 
The cambium cells, though usually elongated prisms in shape, 
are not always so. Those cells which continue the pnmary me- 
dullary rays {fig, 742, t/c ), or which form secondary ones, divide 
transversely, becoming almost cubical. The segments which they 
contribute to the medullary rays have thus always this shape. 

By this mode of behaviour of the cambium ring, wood is 
continually formed centrifugally, and the stem increases in thick- 
ness The activity of the cambium Continues for the greater 
von. I. A A 
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portion of each year, ceasing only during the winter, and conse- 
quently a now zone of wood is produced annually. As the 
year advances, the amount of new wood formed causes more 
and more compression within the bundle, so Ijjiat the diameter 
of the new vessels gradually becomes smaller and smaller. 
Those that are foimed m autumn have consequently much 

Fig 745 


m r ,pe 



Fill 745 Section of twig of Lim& three j ears old The successive 

annual rings of wood ph Phfedm c Cortex mr Pnmary medullary 
ray pe Layer of periderm After Kny 

smaller diameters than those of the next year’s spring wood, for 
the tension becomes relieved durmg the wmter by the splitting 
of the external layers of the trunk through frost, so that the 
extent of each year’s formation is usually very evident. The 
successive zones of wood are known as cmnual rmgs (fig. 746), 
The activity of the cambium on its external face is marked by 
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a Bimilar intermittence. Usually, however, the limits of each 
year’s formation of bast are not distinct The bast is further 
much mterfered with by secondary formations of periderm 
In an old stem the internal zones of wood are often very 
different in appearance from the more external ones. As the 
wood gets older the cells lose their protoplasm and die, becommg 
hard and dry, and frequently much darker in colour. The 
outer zones, on the contrary, contain cells which are living, and 
which are charged with water The secondary wood can thus 



Fig 746. Section of bark of Quercui smilifiora After Kuy pe Periderm 
layers, arismg at different deptbs in the cortex. 


be divided into the alburnum or sajpwood^ and the duramen or 
heart-wood, # 

The mcrease m thickness of the stem thus brought about 
sets up great and gradually increasing tension m the cortex, 
leadmg to early rupture of the epidermis. To replace the latter 
such stems show a contmual formation of layers of phellogen, 
each givmg rise to a cork layer externally, and generally to 
phelloderm or secondary cortex internally. This takes place 
usually at a very early date immediately below the epidermis 
The periderm so form^ bemg impervious to moisture, aE the 

A a2 
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cells external to it dry up and perish Successive layers of 
phellogen arising continually deeper and deeper in the cortex 
cause the external dry tissue to be very complex in structure 
The phellogen layers often extend as far mjernally as the 
secondary bast. The mass of external tissue thus formed is 
known as the bar A. It includes all the layers of periderm, with 
varying quantities of cortical tissue, pericycle, and bast It is 
consequently extremely complex The phellogens often form 
not only ordinary cork cells, but mixed with them cells thickened 
sclerenchymatously 

‘ In some cases the bark is the product of a single phellogen 
which continues its activity for many years A very thick 
external layer of cork is thus formed, as in the cork oak. In 
other cases a new phellogen is formed every few years, deeper m 
the tissue than the previous one 

These formations of phellogen may be cylindrical, cutting off 
regular zones or cyhnders of tissue Frequently, however, they 
dip mto the other tissues somewhat irregularly, and often in 
tersect each other, giving rise to the separation from the stem of 
irregular sheets of bark (fig. 746). These sometimes, as m the 
Plane tree, are shed from the trunk in large patches. We dis- 
tinguish the latter case from the former by the terms scale 
bark and rxnged bark respectively Kinged bark is generally 
ruptured longitudmally somewhat irregularly, and presents the 
appearance of grooves or furrows, often of considerable depth. 

Besides this formation of bark, serving as a normal protection 
to the internal tissues, another tissue is developed in cases where 
an injury occurs to woody plants. This is known as callus, and 
consists of oidinary parenchyma, which ultimately becomes 
covered with cork It is only peculiar m its mode of origin, the 
cells which are adjacent to the injured ones becoming merismatic 
There is not much difference between this formation and that of 
the covermg of exposed surfaces by cork as already described 
(page 332). If in a stem or root the wound extends to the' 
cambium, the callus originates at its sides as before, but cork and 
new cambimn are formed in it, the latter joining the cambium 
which was injured, and growing over and closing the wound. 
If any object becomes impacted m the wood by the injury, the 
new formation grows over it and completely encloses it. 

Turmng from transverse sections to study the structure as 
revealed by longitudinal ones, this type of stem shows at the 
summit a small-celled meristem, as already described, forming a 
comcal apex on which small lateral protrusions arise m acropetal 
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succession. The division into nodes and internodes is visible at 
a very early period, the small protrusions or cushions arising at 
the former. Each protrusion is the rudiment of a leaf with a 
young bud or branch m its axil It consists of a small out- 
growth of the periblem covered by the young epidermis The 
plerome or central portion of the stem does not contribute to its 
formation 

A little further from the apex the differentiation of the pro- 
cambium bundles in the stele can be seen. By the time this is 

Fig 747 Fig. 748 


ss 



evident the leaves have elongated to a greater extent, and the 
differentiation of their internal tisEtie is progressing. Each pro- 
carabium bundle of the stele is found to be continuous with one 
of those of the leaf, so that the bundle appears to originate m the 
leaf and to pass downwards into the stem It is said on this 
account to be a common bundle, that is, common to leaf and stem. 
The first appearance indeed of protoxylem is usually seen near the 
point of junction of the two members. These primary common 
bundles are known as leaf^irace bundles on account of their 
origin as described. 
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Following these leaf- ti ace bundles down the stem, they are 
found to pass independently through the internodes, joining at 
the nodes other bundles entering there from the leaf vertically 
below them, or bifurcating and joining those eni^enng the stem 
from the orthostichies next in order If a leaf sends many 
bundles into the stem, their courses become complicated ; they 

Fig 749 



Fig 749 Aquatic stem of Marulea ep Epidermis co la Cortical lacunae 
»el Sclerencliyma in the cortex ew. Outer , en^ inner fused endodermls 
of tlie steles The steles are fuspd together laterally, forming a vascular 
ring in the centre of the stem surrounding a small portion of the ground 
tissue 


sometimes join the other primary bundles of the stelar ring, or 
less frequently they form also independent circles m the cortex 
or the'pith. 

The secondary bundles formed by the cambium have no 
connection with the leaves , they are coAihne bundles only. 

The branches of the stem arise, as we have seen, m the axils 
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of the leaves by development there of lateral growing points 
which arise as small protuberances on the side of the mam one 
(fig 747). They arise only from the periblem and the epidermal 
layer, as do thp leaves in whose axils they occur As they 
develop, their structure is found to be similar to that of their 
parent , they show the same merismatic layers, each of which 
becomes continuous with the corresponding layer of the latter 
In aquatic stems, both of this and of the monocotyledonous 
type and of certain Cryptogams, there is compaiatively little de- 
velopment of wood. Instead, the cortex is unusually large, and 
frequently shows lacunae or air-passages, which occupy a con- 
siderable part of its substance, very few rows or chains of cells 
separating them (fig» 749) In some cases the cells abutting 
on these air-passages are developed into hairs of curious form 
These laoimae are interrupted at the nodes, where the paren- 
chyma IS continuous 

Monocotyledonous Type. 

The structure of the growing point of stems of this type 
differs Slightly from that of the former one The apex is 

Fig 760 Fig 761. 



Fig, 760 Growing point of stem of monocotyledonous plant The thickness 
of the cell walls at the limits of thedermatogeii and periblem la exaggeiated 

for the purpose of distinction After Douliot Fxg 761 Diagram of 

monocotyledonous stem, showing bundles scattered mare or less irregularly 
in the stele 


covered by a dermatogen, within which afe the periblem and 
plerome, but the distinction between the latter two is not well 
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marked, a single initial layer being piobably common to both 
(fig 750) 

A transverse section taken a little lower down shows the 
central stele diffeientiated as m the former case The arrange- 
ment m the stele is, however, very different ifistead of a rmg 
of procambium bundles arranged round a central pith, many 


Fio 752 



Fiff 752 Collateral bundle from stem of a Monocotyledon ph Phloem 
r Xylem vessels pph Protoplilodm par Protoxylem The bundle is 
surrounded by a small-celled shej^h of sclerenchyma After Kuy 


bundles are found, arranged more or less in a number of rings, 
and all pointing to the centre of the stele. Those first formed 
he towards the centre of the cylinder, and later others appear 
nearer the periphery Further development leads to increasing 
irregularity m the rmg-like arrangement, so that in an older 
stem the bundles seem to be scattered irregularly in the cylinder 
(fig 751). In a few cases, as m the Bushes, there is a single 



THE STBUCTUBE OF THE STEM 


361 


or at most a double ring of bundles close to the periphery and 
surrounding a \ery large central pith. 

The bundles are of the collateral type, but as differentiation 
of the tissues p^ceeds, all the procambium is transformed into 
permanent tissue, so that the bundles are closed^ containing no 
cambium The protoxylem is at the front of the bundle, and 


Fig 754 


Fig 755 



Fiq 763 Diagram of course of bundles in the stem of 
a Monocotyledon (Palm) - — Fig 764 Diagram of 
mode of growth of stem of Monocotyledon {Zea Mays) 

After Sachs Fig 766 Part of a section of stem 

of Dracaena pe Cork co Cortex ca Cambium 
layer 6, 6 Bundles in course of formation • 





CD, 



consists of one or two spiral or annular vessels (fig 752,2? ^r). 
The large ducts or vessels on the wings of the bundle are next 
developed and then the remamder of the wood. The proto- 
phloem IS at the back of the bast (fig. 152fpph), The whole 
bundle is surrounded by a sheath consisting of a few layers of 
sclerenchyma belonging to the conjunctive tissue of the stele. 

Viewed m longitudinal section the^bundles are seen, as m 
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the other type, to be common bundles, being continuous with 
those which belong to the leaves Usually there are seveial 
bundles in each leaf. In the simplest type each can be traced 
inwards for some distance, after which its course gradually 
curves outwards, proceeding obliquely down the stem , it ulti- 
mately joins a bundle coming from a lower leaf {fig, 768) 

In most grasses, in consequence of the great and rapid elon- 
gation of the mternodes, the bundles appear to lie perpendicu- 
larly m the stem. They do not extend far towards the centre 
of the stele, which becomes hollow. At the nodes the bundles 
anastomose freely with each other, forming a number of dia- 
phragms across the cavity. 

The pericycle or external portion of the stele is sometimes 
ligmfied, and forms a hard sheath to the cylinder Its cells 
are chiefly fibrous, serving, with the sclerenchyrnatous sheaths to 
the separate bundles, to give the necessary rigidity to the stem. 
The cortex of the stem varies a good deal m thickness, being 
generally jbhm in sub-aerial and relatively thick in subterranean 
ones 

No cambium being present m this type of stem, th^re is no 
regular increase of thickness as m the former type The stem 
of the young plant is at first very slight, but as growth proceeds 
the growing point becomes continually larger and more vigorous, 
so that each node and mternode become larger than the pre- 
ceding ones. The young stem has thus the form of an inverted 
cone {fig 764). After a tune this continuous enlargement 
ceases, and the upper portion of the stem is cylindrical. 

This kind of stem is not associated, as is the foimer type, 
with a tap root The primary root soon disappears, and the 
further root system consists of its branches and a number of 
adventitious roots developed from the lower part of the stem 

In some Monocotyledons, eg Draccena, Yucca, a regular 
growth in thickness of the stem occurs. It is brought about by 
the development of a secondary meristem or cambium layer 
several cells thick, which cvnses towards the exterior of the 
cyhnder {fig 766). This forms a series of bundles gradually 
proceeding outwards These bundles are sometimes concentric, 
having their bast internal. 

In such stems there is a formation of periderm in the cortex, 
which 18 provided with lenticels. 
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Other Types of Stem 

Besides the two'type« of monostelic stems described, another 
IS found in som^j of the Vascular Cryptogams The general 
features of the cortex vary a good deal, stereome tissue being 
distributed in many ways A special feature of the stele is 
that the development of the xylem is centripetal The x;ylem 


Fig 756 



Fig 766 Section of stem of Lycopodium ep Epidermis cn Endodermis 
pe Pseudo-pericycle px Groups of protoxylem ph Phloem After 
Saclis 

* 

and phloem bundles are placed side by side, and thus alternate 
with each other. The structure is seen best m the stem of 
Lycopodd>um (fig, 766). The stele is clothed by a pseudo-pen- 
cycle and surrounded by an endodermis, both of which are 
developed from the cortex. At various distances round the rmg 
of penoycle, touohmg its mtemal face, a number of protoxylem 
groups are differentiated, between which are an equal number 
of protophloems The primary woo^ develops centripetally 
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from these protoxylem groups, and the separate masses so formed 
unite irregularly in the centre of the stele, foimmg a number 
of bands which are separated by similar bands of phloem 
A somewhat similar type of structuie is foundialso m Psilotum 
and a few other plants 

Fig 757 



Fig 767 Diagram of stem in two 
species of Equisetum a A 
limostim % The separate 
bundles or scliizosteles, each 
with its endodermis b F 
htemale The schizosteles, 
have their endodermis fused 
laterally In both figures I = 
cortical lacunae After Pfitrer 
Fig 768 Section of vascular 
bundle of Eqmsetum limosuni 
en Endodermis pe Pericycle 
T Xylem ph Phloem I La- 
cuna After Dlppel 


A Similar centripetal formation of the primary wood is 
found m the separate steles of several of the polystelic 
Selaginellas, and also in the hypocotyledonary portion of the 
axis in some of the Phanerogams, whore the transition from 
the structure of the stele of the stem to that of the root can 
be observed 

Sch/izostehc Stems , — In this type of stem the central stele 
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can be observed at its lower part, but as the axis is examined 
higher up, the cylinder is found to break up into as many strands 



as there aie vasculai bundles, and these separate from each 
other, each becoming clothed with its own pericyclc and endo 


Fio 760 



dermis, continuous below with those of the origmal monostele 
The separate bundles may be scattered through the substance 
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of the stem, or may be arranged in a circle. At mtervals they 
anastomose with each other, formmg a network of bundles 
This IS due to a varying and irregular differentiation of the 
tissue of the plerome. ^ 

This type of arrangement is rare among flowermg plants, but 
it is not uncommon among the Cryptogams, being very frequently 

Fig 761 



Fig. 761 Oamostelic stem of Marsilea ep Epidermis cola Cortical 
lacunae $cl Sclerencbyma m the cortex Outer , en^ inner fused 
eudod^rmis of the steles The steles are fused together laterally, forming 
a vascular ring in the centre the stem surrounding a small portion of 
the ground tissue 


found among the Equisetacece. Some species of the latter show 
the separate bundles arranged in a ring, each with its pencycle 
and endodermis surroundmg it {fig. 757, a) , other species show 
the separate bundles all fused together laterally, except that part 
of their pencycle remams between each pair. The endodermis 
and part of the pencycle disappear from between them, but 
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remain fused in front and behind them, giving the appearance 
of an internal and external sheath 767, b) In some cases 
the mner endodermis is almost or entirely indistinguishable, 
when the structijre simulates a monostele. The separate bundles 
of the Equisetums are peculiar m having a large lacunar space 
in the region of the xylem, causing the latter to be represented 
by only a few vascular elements {jig, 758) 

The bundles m schizostelic stems are always collateral 
Polyatehc Sterna — In these as in the last described type the 
first-formed stem is monostelic, but as it grows the differentia- 
tion of the tissue of the plerome becomes irregular, giving rise 
to several steles separated by conjunctive tissue {jig, 760) Each 
stele IS clothed by pericycle and endodermis The latter layer 
differs from the endodermis of the monostelic stem in that the 
origin of pait of it at any rate takes place in the pleiome and 
not the periblem Each stele contains usually more than one 
vascular bundle {Jig 759) The separate xylems of these steles 
are fused together, so that there is no 
pith The separate steles may be 
irregularly disposed through the thick- 
ness of the stem, or they may be 
arranged in a more or less rmg-like 
manner. In the latter case the cen- 
tral tissue must not be confused with 
the pith of a monostelic stem. The 
separate steles frequently anastomose 
with each other, forming an irregular 
network which can readily be seen 
after destruction of the soft tissues 
by maceration Two varieties of the 
arrangement occur In the first, 
which is known as dialyatelift the 
steles remain for the most part inde- 
pendent, so that a transverse section shows them separate or 
fused two or three together {fig, 760)j In the second the steles are 
arranged in a ring, and are close together. Many of them fuse 
together laterally, givmg the appearance of an almost complete 
ring of vascular tissue, simulating the appearance often of the 
ring of collateral bundles of the dicotyledonous type of monostelic 
stem. As they fuse, the endodermis and pencycle on their 
lateral faces disappear, and the parts of those layers behmd and 
in front of them become continuous. The ring of tissue can be 
distinguished from the nng of the $botyledotiou3 stem by the 


Fig 762 



Fly 762 Growiug point of 
shoot of Equisetum aivense 
X 250 a Apical cell 
6, c Successive segments 
cut off from it 
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presence of internal endodermis, pericycle, and phloem layers 
(fig 761) 

This mode of arrangement, known as gamostely, is met 
with in certain Ferns, especially Marsilea^ and in some species 
of Auricula among Phanerogams 

The conjunctne tissue in both polystelic and schizostelic 
stems 18 partly derived from the peiiblem and paitly from the 
pleiome Their growing points are generally furnished with an 
apical cell (fig 752, ci), though sometimes they have a small- 
celled meristoiii 





CHAPTER V 

THE STRUCTURE OF THE ROOT 


Unlike the stem, the root in the Phanerogams always arises 
m the interior of the tissue of the embryo In the young embryo, 
whose formation was spoken of in connection with the seed 


Fio 763 



Fig 763 Polygonum Fagopyrum Root apex, median longitndinal section 
a Apical menstem pc Pencycle, oatside boundarj of the plerome t? Rudi- 
ment of a vessel, e Dermatogen Between pc and e, penblem h Root cap 
After De Bary 


(page 228), the lower apex is covered by the suspensor. The 
first root arises at the junction of the two, at least one cell of 
the suspensor taking part in its formation, as will be described 
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later. The apex of the root consists of a mass of merismatic 
tissue in which the dermatogen, periblem, and plerome can be 
distinguished The separate histogenic layers are frequently 
more distinct than in the case of the stem The dermatogen 
divides into a number of layers, the outermost of which form 
a many-layered epidermis known as the root-cap (fig 763, h). 
In most Dicotyledons the innennost layer is continued back- 
waids over the surface, and forms the so-called layer 
In most Monocotyledons the dermatogen does not persist far 
from the apex, and the external layer above the point of its 
disappearance is the outer layer of the periblem This external 
layer, whatever its origin, is known as the epihlema^ and the 
special absoibent structures of the root, the root-hairs^ are 
developed from it (fig. 711). 

The periblem of the root gives rise to a cortex which persists 
for a longer or shorter time Its cells are generally parenchy- 


Fig 764 


Fig 766 



Fig 764 Endodermis and perlcycle of root of Iru florenhna end Endo 

dermis p c Passage cell pe Pericycle Ftg 7G6 Endodermis of 

root with cogged thickening 


matous with thin walls, and there are many intercellular spaces 
among them. The hypodermal layer is known as the exodermis^ 
and its cells are frequently thickened as already described (fig 
718). The endodermis is well marked, and its cells are usually 
thickened considerably When, as m Ins florentina^Xho thick- 
emng is regular round the internal and radial walls, there are 
certain cells, the passage cUls, left unthickened (fig, 764, p,c ). 
Yery frequently the thickening is deposited in the form of the 
band described at page 828, the separate thick portions somewhat 
resembhng the projections of a cogged wheel (Hg, 765). The 
thickenings are cuticularised m both cases. In Equisetum the 
endodermis is two layers of cells thick. 

The stele orl^^eentral cylinder differs m many important 
particulars fmoa that of the stem. The pencycle is usually only 
one layer of cells in thickness, though m the Gymnosperms and 
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some few Dicotyledons it is many-layered It is absent from the 
roots of Equtsetum Its cells are parenchymatous , it does not 
show so much differentiation as it does m the stem, rarely con- 
taining, when n*ore than one layer of cells thick, any additional 
form of tissue except secretory ducts When thickening of the 
roots occurs it gives rise to certain merisinatic layers which 

Fig 766 



Fig 766 Section of stele of root After Kny en Endoderqaia pe Pen- 
cycle X Xylem bundles, the protoxylpm, a:,, abutting on the pericycle 
ph Phloem bundles alternating wlt)>|thejbundles of xylem p Pith, or 
conjunctive tissue of the stele 


take an important share m the process The vascular bundles 
vary in number, but the bast and the wood are never conjomed , 
they lie side by side with each other, on separate radii of the axis 
with a little conjunctive tissue between them. They are first 
noticeable as procambium strands, and gradually take on the 
form of their permanent tissue. £n the d^ff^i^^tiation of the 
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latter, the protoxylem as well as the protophloem is situated on 
the outer face of the bundle, so that the development is always 
centnpetal {flq 766, x) This constitutes a further important 
distinction between the root and the stem. c. 

The stele of the root does not usually contain any pith, the 
xylem bundles becoming united towards the centre When pith 
IS present the walls of its cells are often ligmfied, so that the 
centre of the stele is a hard woody cylmdei 

The number of the xylem and phloem bundles varies, being 
usually much greater m Monocotyledons than m Dicotyledons 
Generally there are as many of one as of the other. When only 
two of each are present the mass of wood formed by the union 
of the xylems extends across the cylinder, forming a plate of tissue, 
and the two bundles of the phloem he one on each side of it 
Such a root is called dtarch. When more xylem bundles unite 
to form the plate, corresponding terms are used to describe it , 
thus we have triarch, tetrarchy polyarch roots These terms 
were originally used when it was considered that the central mass 
of wood was a single bundle, with several points of origination of 
the differentiation 

The roots of Dicotyledons and Gymnosperms do not contain 
any meristern homologous with that m the bundles of the stem 
When they increase m thickness, they do so by the development 
of interfascicular cambium, which arises as a secondary meristern 
m the conjunctive tissue on the inner face of the phloem bundles, 
and which forms wood on its inner face and bast on its outer 
as in the stem These interrupted strands of cambium are a 
little later connected together by a similar meristern arising m 
the pencycle The cells of the latter divide so as to form two 
or more layers in thickness behind the primary xylem bundles, 
and the inner layer becomes merismatic. In this way a sinuous 
layer of cambium is formed, which becomes circular as growth 
proceeds The further development is similar to that o£ the stem. 

The behaviour of the cambium ring is not uniform m dif- 
ferent plants In some it fotms wood and bast opposite only to 
the original phloem bundles, giving ria^ \o parenchyma behind 
the pnmary xylems (fig, 767) Thus a broad medullary ray 
alternates with strands of secondary Vascular tissue, as m UrUca, 
Cucv/rhitay and many other plants. This is very prominent 
generally in fleshy roots. Frequently in the latter, m the width 
of this ray, separate intermediate strands of vascular tissue occur 
In other cases the cambium forms bast and wood opposite to 
both primary phloem and primary xylem. 
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In Monocotyledons and Vascular Cryptogams no cambium 
layer is developed in the roots, which consequently increase in 
thickness only very slightly. 

Coincidentl^i* with the development of the secondary vascular 
tissue m the stele, a phellogen layer arises, usually in the pericycle, 
though sometimes in the cortex, which forms cork externally 

Fig 767 



Pig 767 Section of root sliowiug secondary thickening en Eudodernus 
p X Primary xylem bundles p ph Pimiary phloem bundle s x Masses 
of secondary xylera formed opposite to the latter c Oambiuin Opposite 
to the primary xylem the cambium has formed parenchyma only, consti- 
tuting large secondary medullary rays After Kuy 

and phelloderm on its inner face, as in the stem. The tissues 
external to this periderm formation dry up and are thrown off, 
so that the exterior of the root is co^ ered by a layer of cork, 
usually of stelar origin. The phellogen contmues active for 
some time, and then becomes either cork or permanent paren* 
chyma. A new phellogen subsequently arises m the new-formed 


374 


MANUAL OF BOTANY 


phelioderm, which behaves as did the first Later phellogehS 
are successively formed still more internally, till the last-formed 



one may be separated 
from * the cambium 
ring by the youngest 
bast only In this 
way a bark is formed 
in the root very simi- 
lar in composition to 
the same structuie m 
the stem Like that 
of the stem it often 
becomes irregularly 
cracked and fissured , 
sometimes it is shed 
annually after the man- 
ner of scale bark. 

The branches of the 
root, like the mam root 
itself, arise endoge- 
nously. In all flower- 
ing plants they are 
developed from the 
pericycle, and bore 
their way outwards 
through the cortex 

The number of rows 
of branches produced 
from a root corresponds 
to the number of pri- 
mary xylem bundles, 
one bemg usually 
formed outside each 
At a very early stage 
in the development of 


Fig 768 Transverse section of root of Hesperis^ tb 
show a lootlet at two stages of developmejut 
rh Root hairs ec Cortex d Cells in process 
of absorption en Endodermis pe Pericycle 
CO Conjunctive tissue ph Phloem g Cambium 
X, Xylem e Dermatogen of rootlet, p its peri- 
blem , pi its plerome After Van Tieghem. x 260 


the primary root a 
group of cells can be dis- 
tmguished m the pen- 
cycle which elongate 
m the direction of the 


circumference (fig, 1^), They divide then by tangential walls, 
formmg a layer two cells deep. The inner one of these is the 
layer which gives rise to the plerome of the new root. The 
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outer one divides again into two, which are the initial layers 
of the periblem and dermatogen respectively. The little mass 
continues to grow, becommg conical, and gradually working its 
way to the exterior, absorbing by a kind of digestive process the 
cells of the cortex of the mam root as it advances 

If the stelo contains more than two xylem bundles, a row of 
lateral rootlets usually arises at the back of each. If only two 
are present there are generally four rows of rootlets which are 
placed in pairs, one a little on either side of each xylem mass. 
In the Grasses and a few other Monocotyledons they arise 
opposite to the phloem bundles, as they do also in some 
Dicotyledons, where a resm-duct lies in the pericycle behind 
each xylem bundle 

In most Vascular Cryptogams the meristem of the apex is 
characterised by the 
presence of an apical 
cell {Jiq 769, v) This 
has the shape of a four - 
sided pyramid, the base 
facing^utwards. From 
each face in succession 
segments are cut ofl, 
which by subsequent 
divisions give use to 
the tissue of the root. 

After each division the 
apical cell grows to 
its original size before 
cuttmg off the next 
segment. The segment 
parallel to the base of 
the pyramid originates the root-cap, which is a many-layered 
epidermis, as in the former cases mentioned. The dermatogen 
in these plants does not produce any part of the covermg of the 
root, the latter being composed the outer layer of the cortex 
The segments cut off from the other faces of the apical cell 
divide by anticlinal and periclinal walls, formmg a mass of 
tissue m which the limits of penblem and plerome soon become 
apparent. The innermost layer of the former becomes the endo- 
dermis, the outermost layer of the latter, the pericycle, except 
in certain cases already mentioned, in which this layei is 
not differentiated. The endodermis is then composed of two 
layers. 


Fig 769 



Fig 769 Longitudinal section through root of 
Pteris h(n$tatay showing apical region v Apical 
cell, from Which are developed the tissue of the 
substance of the root, o, c, and the root-cap, 
it, m, w After Sachs 
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The lateral roots m the Vascular Cryptogams do not originate 
in the pericycle, but in the endodermis A cell of the latter, which 
IS opposite to a xylem bundle of the main root, cuts out of itself, 
by four successive divisions, an apical cell which gives rise to 
the tissue of the lateral root The latter bores its way through 
the cortex of the primary root m the way already described 
The pericycle takes no part m the formation except to contribute 
the cells which connect the vessels of the lateral with those of 
the primary root. 

In the Lycopodiacece no lateral roots are produced , the 
mam root sometimes branches dichotomously, the growing 
point dividing into two equal ones 

When adventitious roots are formed from the stem, they 
usually originate m the same way as the normal lateral roots . 
m the Cryptogams from the endodermis , m the Phanerogams 
from the pericycle, as already described In a few rare cases 
they arise exogenously like the branches of the stem this occurs 
when they are developed m connection with adventitious buds. 

The so-called liaustoriaf or sucking roots, of parasitic 
Phanerogams, are developed from the periblem c 

The stem and root forming together the axis of the plant, the 
tissues of the one are continuous with those of the othei. The 
structure is, as we have seen, different m the two parts. Between 
them there is therefore a region m which the arrangement of 
the tissues of the one gradually changes into that of the other. 
This 18 in the so-called hypocotyledonary portion of the axis, or 
the part lying between the root and the insertion of the cotyle- 
dons In Dicotyledons the epidermis of the stem is contmuous 
with the piliferous layer, which we have seen is generally the 
inner layer of the dermatogen, the outer layer of which forms 
the only true epidermal portion of the root, the root-cap. In 
Monocotyledons the epidermis of the stem is at first contmu- 
ous with the epidermis of the root. The latter, however, soon 
separates and exfohates with the outer layers of the root-cap, 
leaving the external layer of the periblem naked. The latter 
becomes the pihferous layer. 

The endodermis and pericycle of the two regions pass directly 
into each other, and the intermediate cortical tissues are similarly 
continuous. 

The vascular bundles of the root become contmuous with 
those of the stem, but the two constituents change their posi 
tions considerably. < 

In the commonest case each of the xylem bundles of the root 
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divides into two, and the separate halves diverge to the right and 
left, twisting as they proceed, till the protoxylem, at first on the 
outer face, becomes internal The phloem bundles also bifurcate 
and diverge as^do the xylem ones, passing gradually a little 
towards the exterior Soon the left strand of a phloem bundle 
IS found to be exactly behind the right strand of the adjacent 
xylem bundle, the two forming thus an oidinary collateral bundle 
which passes perpendicularly up the stem. The xylem and 
phloem bundles of the stem are thus twice as numeious as those 
of the root, though by the fusion of the separate stiands of bast 
and wood the number of conjoint collateral bundles of the formei 
corresponds with the number of separate bundles of the latter. 
The phloem strands do not twist m their course, so that the 
protophloem remains external 

Less frequently the phloem bundles pass straight up into the 
stem without branching The xylem bundles branch, diverge 
and twisc as m the former case The right and left halves of 
two contiguous xylem bundles meet m front of the continuation 
upwards of the phloem bundle originally between them, fuse, 
and bedftme the xylem portion of the conjoint bundle 

In a third case the xylem bundles do not branch, but as they 
pass upwards twist as before through an angle of 180®. The 
phloem bundles branch and diverge, the halves of two contiguous 
ones fusing together behind a xylem bundle and uniting with it 
to form the conjoint bundle 

In some plants, particularly among the Bosacece, the roots 
give rise to adventitious buds Instead of these being exogenous, 
as when they spring from the stem, they originate deep m the 
tissue They are derived from the pericycle like the lateral 
roots, and bore their way out m the same way as the lattei 
Linaria shows an exception to this mode of origin, as its radical 
buds arise from the epidermis. 
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CHAPTER VI 

THE STRUCTURE OF THE LEAF 


The leaf, or phyllopodium, arises as a little outgrowth from the 
stem m close proximity to the growing point- (fig 770, Z). It 
generally follows m its method of origination the mode of for- 
mation of the meristem of the axis , if the latter has an apical 
cell, the leaf is similarly constructed, if there is a small- 


Fio 770 



Ftg 770 Giowiug point of the stem of a 
Dicotyledon After Douliot d Dermftc^en 
pe Penblem pi Plerome I Young leaf 
The thick lines are exaggerated to show 
the limits of the three rt^ions 


celled meristem m the stem, 
the leaf also has no apical 
cell. The tissue of the leaf 
arises from the dermatogen 
and the penblem, ‘both of 
which produce a number of 
cells causing the projection 
In further development the 
dermatogen gives rise to the 
epidermis, and the penblem 
to the internal tissue, the 
plerome of the stem taking 
no part m its formation 
Like the stem the phyllo- 
podium may be monoittehc 
or polystelic. In either case 
the mensteles or separate 
steles of the leaf become 
united with the stele or 
steles of the axis by changes 
m the cells of the penblem 
which he between the axial 


stele and the insertion of the 


leaf The endodermis and the pencycle of the two members be- 
come similarly continuous with each |^er As the leaf grows, 
it assumes the shapes already descntM, by variations in the 
distnbution of growth, part or all of the projection becoming 
flattened or wmged Usually the thrfe regions descnbed as 
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hypopodium, mesopodium, and epipodmm become separately 
recognisable The growth is for a time apical, but this soon 
ceases, except in Ferns, and the further development is caused 
by basal or intercalary growth 

The structure of the axis of the leaf differs materially 
from that of the winged outgrowths from it In the epipodium 
the wings are usually much greater m extent than the axis 
which bears them, so that the structure of the latter is soon 
lost, and the leaf-blade when seen in section comes to appear 
altogether different from the rest of the phyllopodium 

The Mespodtum or Petiole — The axis of the phyllopodium 
is most readily examined in the intermediate region, or petiole, 
which seldom becomes winged A section m this region has 
a somewhat flattened or slightly concave upper surface and a 

Fig 771 

A B 



Fiy 771 Sections of two types of phyllopodium In A the bundles are 
arranged separately, each having its own endodermis, ed , and pencycle,/> 

In B they are arranged in a ring in the meristele with a common eiido- 
dermis and pericycle After Van Ti^hem 

larger convex lower face (/igf, 772). The same regions can be 
distmguished as m the stem, viz. an epidermis, a cortex, and a 
certam amount of stelar tissue. 

The epidermis is similar to that of the stem its cells are 
frequently prolonged into hairs , generally stomata are present 
The cortex is usually composed#of elongated parenchymatous 
cells with numerous intercellular spaces. Chlorophyll grams 
are present in the external layers. The tissue is often found to 
contam hypodermal layers of collenchyma or sclerenchyma, 
which may be continuous with similar layers m the stem or 
may be peculiar to the petiole. 

In a few leaves, e q. those of Hoya carnoaa^ the petiole 
contains a layer of cork throughout its length, a little below the 
epidermis. ^ 
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If the stem is polystelic in its arrangement, the leaf may 
receive one or more complete steles from it. Each has then 
the same structure as that of the axial steles, possessing a pen- 
cycle and bemg surrounded by an endodermis opntmuous with 
those of the stem. If the stem is monostelic, each leaf contains 
one or more steles, usually called 7ner%8tele8^ which by subsequent 
differentiation of the tissue of the periblem of the stem become 
united with the stele of the latter The vascular bundles in 
each meristele may be surrounded by a general endodermis and 


Fio 772 



X Xylem 

pericycle 771, b), or thf^ meristele may be replaced in a 
schizostelic manner by a number of strands, each consisting of 
a smgle vascular bundle with endodermis and pericycle enclosing 
it {fig, 771, a). In either case the pericycle very frequently 
contains a good deal of sclerenchyma, forming strands behind 
or m front of the bundles Barely schi;za|telic structure is found 
m the petiole of a polystelic stem, as in Auricula 

We may find different modes of arrangement of the bundles 
m the meristele. In the first and most common case they do 
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not form a complete ring, but an arc not closed towards the 
upper surface {fig 772) hence is derived the term merxstele 
The separate bundles have their bast towards the lower, and wood 
towards the ujiper, face of the petiole They have a common 
endodermis and pericycle. In the second case there is a com- 
plete ring, but the bundles are much smallei on its upper side 
{fig* 771, b) The orientation is then similar to that of the 
stem, the wood being nearest the centre of the circle, and its 
de^ elopment centrifugal 

When there are more meristeles than one m the phyllopodium, 
the central one is usually the largest Theie are fiequently 
three, the two lateral ones being of small dimensions. 

The composition of the bundles is the same as that in the 
stem from which the leaf proceeds, being collateral, bicollateral, 
or concentric. 

In the petioles of Gycas the differentiation of the bundles is 
not the same as that of the stem bundles, the protoxylem of 
the former being internal but near the outer face, so that the 
development of the primary wood is mainly centripetal. 

Sec6ndary thickening is very rare in the phyllopodium it 
does occur, however, in a few families, owing to the persistence 
of a cambium layer in the usual position in the bundles The 
formation of secondary vasculai tissue is but slight, and ceases 
when the leaf has reached its full size It is less in the lamina 
than m the petiole 

The hypopodium in deciduous leaves is the seat of a meris- 
matic formation which leads to the separation of the leaf fiom the 
stdtn A layer of cells extending completely across the phyllo- 
podium, usually exactly at the base of the leaf-stalk, divides 
several times so as to form a thin sheet of delicate thin-walled 
cells, and by the absorption of the middle layer of the sheet the 
two parts become separated and the leaf is cut off The 
ruptured surface is found to be covered by a layer of cork 
* The Leaf-blade — When the epipodium of the leaf remains 
unbranched, it is continuous m a^ straight line with the petiole 
if the latter is present The central axis of the leaf-blade 
much resembles the petiole, but is rather more flattened. Its 
lateral margins are continued outwards as a winged expansion. 
The continuation of the petiole forwards constitutes the mxdnh^ 
and, as might be expected, the structure of the two is essentially 
similar (compare figs* 772 and 778). 

The epidermal and cortical tissues are continued onwards 
from the one to the other without aAy break, and if the petiole 



382 


MANUAL OF BOTANY 


contains bands of collenchyma or sclerenchyma these are found 
in the midrib also The vascular bundles send out branches 
into the wings, the distribution of which varies with the dimen- 
sions of the latter. 

If the epipodium is branched, the branches may remain 
distinct or their wings may be fused together to a very variable 
extent The secondaiy axes are generally distinguishable as 
ribs much like the midrib, and possess a similar structure If 

the branching IS cymose, 
there is no mam midrib, 
but several spring from 
the junction of petiole 
and blade. As before, 
these have a structure 
very similar to that of 
the petiole. 

As the termination 
of the mam axis or any 
of its branches is ap- 
proached, the* axial 
character becomes less 
and less conspicuous, 
till it IS mdistmguish 
able fiom that of the 
wings with which it is 
continuous Where the 
fusion of the wings has 
taken place, the Vas- 
cular bundles from the 
different axes frequently 
anastomose with each 
other, formmg a com- 
plicated network m 
which the bundles ter- 
minate either separately or the form of a meshwork. 

The transition from the structure of the petiole is thus a 
gradual one, the successive axes becoming more and more 
flattened till they lose altogether their cylindrical character. 
The epidermis is continuous over the whole surface, and is not 
much altered , the cortex peculiar to the axis becomes gradually 
replaced by that peculiar to the flattened wings , the vascular 
elements are gradually attenuated till only a few tracheids re- 
mam conjomed with a hmited amount of soft tissue, continuous 
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Ftg 773 Section of midrib of leaf of Primula 
ep Epidermis co Cortex en Eiidodermis 
pe Pcncjcle ph Phloem a Xylem 
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with the bast The endodemiis of the steles or mensteles can 
often be traced forwards almost or quite to the termination of 
the bundles 

The character of the fibro-vascular bundles usually remams 
unchanged , in most Ferns, however, the originally concentric 
bundle loses the bast upon its upper face, and so becomes col- 
lateral 

The leaf-blade so constructed shows an epidermis which is 
continuous with that of the petiole, and which extends over the 
whole of its surface. It is usually only one layer of cells thick , 
the cells aie somewhat brick-shaped on section, and have their 
outer walls generally cuticularised to a greater or less extent. 
In thick coriaceous leaves the outer part of the cell-walls of the 
epidermis can often be stripped off in a continuous layer, known 
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Ftg 774 Vertical section of the epidermis of Iloya carnosa treated with 
caustic potash a The detached cuticle h Tlie partially cuticularised 

layers of the outer walls of the epidermal cells After Von Mohl 

Ftg 776 Three-layered epidermis of leaf of Ficus elasttca 

as the cuticle {fig 774). In some leaves the epidermal cells 
divide by walls parallel to the surface, and the epidermis 
becomes composed of several layeis of cells {fig 775) Viewed 
from the surface the epidermal cells are sometimes square oi 
oblong, sometimes much smuated in shape Generally in the 
higher plants the cells of the epidermis contain little more than 
water ; in some plants, especially in the Ferns, chloroplasts are 
present. 

In aquatic plants the external walls of the epidermal cells 
are not cuticularised. 

The epidermis in all the higher plants is furnished with 
stomata, which are variously disposed In the leaves of soft 
herbaceous plants these openings are piesent on both surfaces of 
the leaf , those of hard woody plonfs have them generally only 
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on the lower face, in submerged leaves there are none; in 
floating leaves they are confined to the upper surface 

In many leaves water stomata are present which remain 
permanently open In some, again, there arc passages or cracks 
among the cells, which can hardly be described as stomata 
These irregular apertures, like the true water stomata, serve for 
the emission of drops of water 

In some loaves, as m the Oleandei (Nerium oleander) and 
Banli8%a, the stomata are seated m pit -like depressions on the 
under surface (fig 776) 

The cells of the epidermis when the latter is many-layered 
sometimes contain the cystoliths already described {fig. 775) 
Within the epideimis of the winged portions of the phyllo- 
podium is the mesophyll of the leaf This is variously arianged, 

giving two mam types of struc- 
ture, known respectively as the 
dorsi-ventral and the iso-bzla- 
teral of these the first is the 
commonest form (fig 777) It 
has derived its name from the 
fact that the tissue is of different 
character towards the upper and 
lower surfaces. Immediately 
under the upper epidermis the 
cells are oblong, and aie arranged 
with their longest diameter at 
right angles to the surface of the 
leaf, constituting the so-called 
jpahsade parenchyma The cells 
contain large numbers of chloro- 
plastids or chlorophyll grains. 
Sometimes there is only a single 
layer of these cells, but often there are several The cells aie 
arranged close together, and have relatively few intercellular 
spaces among them. 

The lower half of the mesophyll is made up of the so-called* 
spongy parenchyma The cells are of irregular shape, and are 
often arranged so as to be in contact only at portions of their 
surfaces , the tissue is consequently much less dense, and large 
intercellular spaces or lacunae are present . there is always a 
eonspicuous lacuna under each stoma 

The cells of the spongy parenchyma, hke those of the pah 
sade tissue, contain chloroplasts ; but these are relatively less 



Fiq 776 Vertical section through 
the leaf of a Banksia a, a Epi 
dermis c Spongiform parenc hyma 
h Hairs which are contained in 
little depressions on the under sur 
face of the leaf, and at uhose base 
peculiar stomata are found After 
Hchleidcn 
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numerous, causing the under side of dorsi-^ entral leaves to 
appeal usually a lighter green than the upper side In Ferns 
the differentiation of the mesophyll into these two la;vers is 
very feebly narked The vascular bundles aie disposed between 
the two layers of the mesophyll 

Fig 777 


ep cii 



I \ 

St MS 


Fig 777 Section of leaf blade of /ieta vulgam x 300 ep Epidermis 
CM. Cuticle, ppa Palisade paretich} ma v 6 Vascular bundle, the xylem 
being uppermost apa Spongy parenchyma af Stoma in the lower 
epidermis t s Intercellular space communicating w ith stoma 

In the iso-bilateral type there are two layers of palisade 
parenchyma, one on each face. The spongy mesophyll is much 
less conspicuous, and occupies the space between them. These 
leaves are frequently supplied with Sands of sclerenchyma, which 
VOL I. ' c c 
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extend from the epidermis inwards, often forming a thick sheath 
round the bundles, and reaching from one epidermis to the 
other 

A third type of leaf is characteristic of most su'^culent plants 
The phyllopodium is often cylindrical, and when flattened it can 
hardly be said to be winged This is known as the centric leaf 
Its internal tissue is more or less homogeneous The cells are 
usually elongated like those of palisade parenchyma, and have 
between them narrow intercellular spaces The chlorophyll is 


Fig 778 



Fip 778 Centric leaf of Pinuf ep Epidermis hy Hypoderma en Endo- 
dernus vb Vascular bundle rd Eesm-duct The mesophj 11 cells are 
represented 'without chloroplasts 


most abundant in the outer layers. Frequently tannin sacs are 
present. The cells are all very turgid, from the presence of 
water. 

A particular form of the centnc leaf is found in some of the 
Conifers. It is somewhat awl-shaped, and in section appears plano- 
convex (fig 778). The epidermis is thick- walled and has stomata 
on all its surfaces, the guard-cells of the latter bemg usually de- 
pressed below the surface. The mesophyll contams a layer of 
sclerenchyma on its extenor, which at the margins of the leaf 
consists of a number of cells filhng up the angle of the seqUpn. 
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The other cells of the mesophyll are sinuous m outline, and their 
walls show curious projections of cellulose into the interior 
They contain the chloroplasts In the centre is a well-marked 
endodermis ej^closing a many-layered pericycle and usually two 
vascular bundles These are exceptional in containing a layer 
of cambium between the wood and the bast The pericycle is 
also peculiar it contains a number of tracheids which abut 
upon the xylem, and serve to convey water from tbe latter to 
the mesophyll of the leaf They are spoken of as tran8fu8^on 
tissue The phloem is in contact with a number of cells con- 
taining a somewhat dense protoplasm Besides these a band 
of sclerenchymatous fibres is found at the back of the phloem 
This transfusion tissue is a special mechanism which is needed 
in these leaves, as the ultimate ramifications of the vascular 
bundles are not in apposition with the cells containing the 
chloroplasts 

The mesophyll of the leaves of the Conifers contains also a 
variable number of resm-ducts of similar structure to those of 
the stem 

The vascular bundles of the leaf-blade, as we have seen, are 
the continuations of those of the axis of the phyllopodium If 
the axis is monostelic or polystelic, as the ramifications proceed 
the bundles ultimately become isolated, and the blade is there 
fore astelic or schizostelic Outside the steles or the separate^ 
bundles, traceable for a varying distance, is often a band of 
sclerenchyma or collenchyma, extending in the main ribs to the 
epidermis of the lower surface As the bundles are traced 
farther and further from the axis they get thinner and thinner, 
gradually losing the distinctive characters of their woody and 
bast elements The woody part persists furthest, and ultimately 
consists only of a few tracheids They end generally in plexuses, 
or with free terminations among the mesophyll parenchyma. In 
some cases a peculiar structure, known as a water-gland^ lies in 
the mesophyll between the epidermis and the end of the bxmdle 
These bodies consist of a masj^ of small cells with thin walls, 
usually covered by a sheath which is continuous with the endo- 
dermis of the bundle. The tracheids of the bundle terminate 
abruptly at the lower end of the gland. One or more water 
stomata pierce the epidermis over the latter Sometimes a 
water-gland is found above a mass of tracheids formed by 
the fusion of several bundles 

In certain leaves, especially the bud scales of the Conifers 
and those of the Horse chestnut^"there is usually a layer of cork 
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underlying the epidermis. The formation of cork is, however, 
very rare m leaves 

The structure of the outer floral leaves differs but slightly 
from that of the foliage leaves described. Bracts ond sepals are 
only very little modihed, the chief difference being the general 
absence of sclerenchyma The upper as well as the lower epi- 
dermis, as a rule, contains stomata When the sepals are fused 
to form a gamosepalous calyx, sometimes the fibro-\ ascular 
bundles of the separate leaves anastomose freely, sometimes 
they remain independent. 

The petals are generally more altered , the epidermis is 
often papillose and its cells filled with \arions colouring 
matters There is no diffeientiation of the mesophyll into 
palisade and spongy parenchyma, and the vascular bundles are 
much reduced 

The structure of the sporophylls will be best discussed m the 
succeeding section. 
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Abaxii e embryo, 268 
Abortion m the flower, 13: 
136 

Acaulescent plants, 79 
Accessory buds, 36 
Accrescent, 165 
Acerose leaves, 71 
Achrenlum, 242 
Achene, 242 
Achlamydeous, 137 
Acfcular leaves, 76 
“ raphides, 2^4 
Acropetal expansion ( 
flowers, 108 

Acropetal succession, 19 
Actinomorphic, 131 
Acuminate, 70 
Acute, 70 

Acyclic flowers, 146 
Adherent cal j X 162 

— ovary, 192 
Adhesion, 142 
Adnate anthers, 171 
Adventitious buds, 34 

— rooti^ 19 

origin of, 376 

Aerial bulbs, 49 
-Estivation, 203 

— 5rcular, 204 

— cochlear, 205 

— contorted, 206 

— convolute, 206 

— corrugated, 204 
crumpled, 204 

— Imbricated, 204, 206 

— induplicate, 204 

— qnincuncial, 206 

— reduplicate, 204 

— spiral, 205 

— valvate, 204 

— vexillary, 206 
Aggregated fruits, 242, 265 
Alee, 158 

Albumen, 268 
Albuminous, 268 
Alburnum, 855 
Aleurone grains, 292 
Alternate leaves, 80 
Alternationofg^erationBjll 


Ambisporangiate, 166 
}, ! Amentaceous plants, 110 
Amentiferous plants, 110 
I Amentum, 109 
I Amino acid«, 296 
Amphisarca, 247 
Amplutropous, 210, 269 
, Amplexicaul, 63 
Amvloplast, 289 
Anastomosis the union of 
originally separate bands 
I or strands to form a net 
work 

' Anatomy, 2 
{ Anitropous, 210, 268 
I Androecium, 128, 166 
I Androphore, 178 
I Angular divergence of 
leaves, 81 

Annual herbs, 20, 38 

— leaves, 51 

— rings, 354 
Annular vessels, 312 
Annulated roots, 23 
Anteposition, 139 

i Anthela, 108 
Anther, 128, 169 
I Antheridia, 222 
Antherozoids, 220 
I Anthesis, 206 
Anthocarpous fruits, 242, 
266 

Authodlum, 116 
Anticlinal, 304 
Antidromy a term used to 
indicate a condition of 
spiral phyllotaJis, such 
that the genetic spiral 
changes its direction after 
completing each cycle, 
126 

Antitropous, 212, 269 
Apetalous, 186, 155 
Apical cell, 805, 868, 875 

— st}le,199 

Apocarpous, 140, 186, 282 
Appendioulate, 167, 172, 178 
Aquatic roots, 28 
Aqueous tissue, 329 


Archegonia, 216, 222 
Archicarp, 225 
Arillode, 261 
Arillus or anl, 260 

— clialazal, 261 

— micropylar, 261 

— raphian, 261 

— true, 261 
Articulated, 27 
Ascending, 37, 107 

, Ascidia, 89 
Asparagin, 296 
[ Astely, 337 
Asymmetrical, 131 
Atropous, 210 
Augmentation, 133 
Auriculate, 63, 73 
Axil of leaf the angle 
between tlie stem and the 
leaf base, 27, 51 
Axile placentatlon, 195 
Axillary, 61 

— flower, 118 


Bacca, 247 
Balausta, 249 
Bark, 356 
— of root, 374 
Basal wall, 12 
Basiflxed, 171 
Basilar style, 199 
Basipetal, 52 
Bast, 339 
Beriy, 247 

Bicollateral bundles, 342 
Bicrenate, 68 
Biennial herbs, 21, 88 
Bifoliate, 76 
Bilabiate, 152, 159 
Binary, 180 
Binate, 76 
Bipinnate, 76 
BlpinnatJfld, 61 
Bipinnatipartite, 61 
Bipinnatiaeoted, 61 
Biaerrate, 67 
Bisexual, 165 
Bloom of fruits, 286 
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Bordered pits, 282 
Botryose= racemose, 107 
Boughs, 30 
Bract, 99 
Bracteate, 100 
Bracteoles, 99 
Bractlets, 99 
Branches, 30 

— of root, 18 
Branching, 30 
Bud, 28 
Budding, 93 

— of yeast, 300 
Bulb, 46 
Bulbil, 49 
Biilblet, 49 
Bush, 38 


Caducous, 61, 154, 165 
Calcarate, 162 
Calceolate, 160 
Callus, 356 * 

— of sieve tube, 313 
Calyptrate, 155 
Calyx, 128, 150 
Cambium, 339, 346 

— m leaves, 381, 387 
Campauulate, 162, 158 
Campylotropous, 211 
Cane sugar, 295 
Capitate stigma, 203 
Capitulum, 115 
Capsule, 261 

— of moss, 95 
Carbohydrates, 278 
Carcerule, 246 
Canna, 158 
Carpels, 97, 128, 183 
Carpophore, 146, 200, 246 
Caruncle, 261 

Caryophyllaceous corolla, 
167 

Caryopsis, 243 
Cataphyllary leaves, 28, 93 
Catkin, 109 
Caudex, 38 
Caudicle, 182 
Caulme bundles, 344 
-* leaves, 79 
Caulis, 38 
Cell-division, 297 
Cell-sap, 274, 286 
Cell-wall, 278 
Cellular plants, 5 
Cellulose, 278 
Centrifugal, 117 
Centripetal, 107, 117 
Centrosome, 277 
Centrosphere, 276 
Ohalaza, 209 
Ohalazal anllus, 261 
Chlorophyll, 276 
Chloroplasts, 276 
0h<^fiai8,183,184 
Oheomatin, 276 
Ohromoplasts, 277 
q^omosomes, 298 


Oiha, 278 
Circulate, 86 
Circular aestivation, 204 
Circulation, 27b 
Circumscissile dehiscence, 
240 

Cirrhns, 43 
Cladodes, 42 
Olavate, 167 
Claw, 130, 155 
Climbing plants, 37 
Closed bundles, 341 
Cloves, 48 
Cocci, 247 

Cochlear sestivation, 206 
Coenanthium, 116 
Coenocyte, 272 
Cogged thickening in endo 
dermis, 330, 370 
Cohesion, 139 
Collateral bundles, 340 

— ovules, 214 
Collecting hairs, 201, 325 
Collenchyma, 308 
Columella (of fruit), 236 
Coma, 259 
Commissure, 246 
Common bundles, 344, 857 
Comose, 269 
Companion cells, 313 
Compound corymb, 112 

— leaf, 69 

— raceme. 111 

— spadix, 112 

— spike, 112 

Coucentric bundles, 340, 349 
Oonoeptacles of Fucus, 226 
Conceptaculum, 260 
Oonduplicate, 86 
Cone, 127, 144, 263 
Conglomerate raphides, 294 
Conical calyx, 162 

— leaves, 76 
Conjoint bundles, 340 
Conjugation, 204, 303 
Connate, 68 
Connective, 169 
Contorted restivatlon, 206 
Contractile vacuole, 278 
Convolute, 86, 205 
Cordate leaves, 73 
Cork, 331 

— in cryptogams, 333 

— m leaves, 332, 388 
Conn, 49 

— of Cjf6 imen, 60 
Oormophytes, 12 
Corolla, 128, 166 
Corona, 129, 164 
Corrugated sestivation, 204 
Cortex, 328 

Corymb, 108 
Cotyledons, 16, 78, 264 
Creeping stem, 45 
Cremocarp, 246 
Orenate, 68 
Crenulated, 68 
Crisped, 68 


Cruciate corolla, 157 
Cruciform corolla, 167 
Crumpled aestivation, 204 
Crystalloid, 293 
Culm, 38 
Cun^te, 72 
Cupule, 100, 246 
Curled, 68 
Curve veined, 67 
Ourviserial, 84 
Cushion of fern prothallus, 
226 

Cuspidate, 70 
Cuticle, 320 
Cutin, 284 

Cylindrical leaves, 75 
Cymose, 32, 104 
— umoel, 120 
Oynarihodon, 266 
Cypsela, 244 
Cystocarp, 229 
Cystolith, 284 
Cytoplasm, 276 


DFcmuotJS, 51, 100, 166 
Decimate, 167 
Decompound leaves, 62, 76 
Decumbent, 37 
Decurrent, 54 

— leaf, 67 

Decussate leaves, 79 
Deduplication, 1 13, 134 
Deferred branches, 30 
Defauite inflorescence, 104, 
116 

Degeneration, 138 
Dehiscence of anther, 173 

— of fruit, 235 

— circumscissile, 240 

— locuhcidal, 217 

— porous, 241 

— septicidal, 236 

— septifrsgal, 237 

— sutural, 236 

— transverse, 240 

— valvular, 236 
Deliquescent, 39 
Dentate, 68 
Dermatogen, 319 
Dermatosomes, 279 
Determinate inflorescence, 

104, 116 
Dextrin, 291 
Diachaemum, 246 
Diadelphous, 177 
Dialypetalous, 166 
Dialysepalous, 160 
Dialystely, 367 
Diandrous, 176 
Dlarch root, 372 
Diastase, 292 

Biaster stage in division of 
nucleus, 299 

Dlchaslum, 31, 118 ^ 

Dichotomous branching, 30'^ 
Dichotomy, 81 
Diclinous, 166 
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Dicotyledonous embryo, 266 
Didynamous, 179 
Differentiation of bundles, 
344 

— of ser in Algre, 219 
Digitaliform corolla, 1|^ 
Digitate, 69 
Digynous, 186 
Dimensions of cells 295 

— of vessels, 311, 312 
Dimerous, 130 
Dimorphic flowers, 179 
Dioecious, 165 
Diplostemonous, 133, 176 
Diplotegia, 263 

Disc, 147 

Disc-bearing wood-cells, 282 
Displacement of parts in the 
flower, 139 
Dissected leaf, 60 
Dissepiment, 189 

— spurious, 189, 230 
Distichous, 81 

Distribution of stomata, 324, 
383 

Divergence of leaves, 80 
Dormant buds, 30 
Dorsal suture, 185 
Dorsifixed, 171 
Double flowers, 146 
Drepanium, ^22 
Drupe, 243 
Drupel, 244 
Duplicato-dentate, 68 
Duramen, 365 


Ebracteatf, 100 
Eccentric embryo, 268 
Ectoplasm, 275 
Eleutheropetalous, 140 
Eleutherosepalous, 140 
Biliptical, 72 
Emarpinate, 70 
Embryo, 14, 228, 264 
— sac, 13, 96, 207 
Embryot^a, 260 
T ergences, 825, 349 
Endocarp, 234 
Endodermis, 830, 349 
Endogenous buds on roots, 
377 

Endopleura, 260 
Endosperm, 217, 263 
Endostpme, 209 
Ensiform leaves, 75 
Enzymes, 287 
Epibasal, 12 
Eplblema, 820 
Epioalyx, 100,141, 164 
Epioarp, 284 
Epicotyl, 17 
Epidermis, 319 
Eplgynous, 142, 176 
Epip^lous, 144, 175 
Epiphytes, 28 
Epipodium, 52, 67 
structure of, 384 


Episperm, 258 
Equal leaves, 71 
Equatorial plate, 298 
"Equitant leaves, 90 
— vernation, 88 
Etaerio, 244, 264 
Ethereal oils, 293 
Evergreen, 51 
Exaibuminous seeds, 263 
Excurrent, 39 
Exocarp, 233 
Exodermis, 328 
Exostome, 209 
Exsertfd stamens, 178 
Extme, 180 

Extra-axillary, 36, 51, 107 
Extra stelar ground tissue, 
328 

Extrorse, 170 
Eye spot, 278 
Eyes (of tuber), 46 


Falsi- dichotomv, 118 
Fasciated branches, 36 
Fascicle, 80, 120 
Fascicled leaves, 80 
Fasciculated roots, 22 
Fascicular cambium, 346 
Fats, 293 

Feather-veined, 66 
Ferments, 287 
Fertilisation, 214, 303 
Fibres, 6, 309, 310 
Fibrous drupe, 245 
Filament, 166 
•Timbriated, 156 
Fission, 93 
Flagella, 277 
Flower, 13, 97, 126 

— of Equisetum, 127 
Flowerless plants, 8 
Follicle, 249 
Formation of cells, 298 
Free cell formation, 300 
Free central placentation, 

196 

Fronds, 8 
Fruit, 229 

Fruits, aggregated, 266 

— spurious, 264 

— true, 242 
Fugacious, 61, 164 
Fungus cellulose, 286 
Funiculus, 208 
Fusiform root, 211 


Gat^ULUS, 264 
Galeate, 164 
Gametangia, 222 
Gametes . sexual reproduc- 
tive cells, 10, 92, 218 
Gametopbyte the plant- 
body which bears the 
sexual reproduotiye cellB, 
10, 92, 214 j 
Gamodesmio, 387, 3I| 


Gamopetalous, 156 
Gamophyllous, 140 
Gamosepalous, 140, 150 
Gamostely, 368 
Gemmae, 93 
Gemmation, 300 
General involucre, 101 
Genetic spiral the spiral 
hne that can, in cases of 
alternate phyllotaxis, be 
drawn round a stem so 
as to pass in succession 
through the bases of the 
leaves in the order of their 
development, 81 
Geniculate, 168 
Gibbous, 164, 162 
Glandular tissue, 317 
Gians, 244 
Globoid, 293 
Globose, 162 
Glomerule, 121 
Glumes, 104, 111 
Qonidangia the organs in 
or on which gonidia are 
developed, 94 

Gonidia the asexual repro- 
ductive cells borne upon 
a gametopbyte, 10, 92 
Granulose, 291 
Grape sugar, 296 
Growing points, 306 
Guard cells of stomata, 322 
Gum, 286 
— (British), 291 
Gynaecium, 128, 183 
Gynandrous, 176 
Gvnobase, 200 
M-Gynobasic ovary, 200 
Gynophore, 146, 147, 192 
Gynostemium, 176 


Hairs, 324 
Hastate, 73 

Haustotia the organs by 
which parasites absorb 
nourishment from their 
host-plant, 24, 376 
Head, 116 
Heart wood, 365 
Hellooid cyme, 122 

— dichotomy, 32 

— sympodium, 33 
Hemioyolic, 146 
Herb, 38 

Hermaphrodite, 166 
Hesperidium, 248 
Heterodromous, 84 
Heterogamous, 219 
Heterom«rou8, 130 
Heterophyllous bearing 
foliage leaves of different 
shapes on different parts 
of the plant, 74 
Heterosporous, 96 
Heterospory, 95 
lleterotropous, 210 
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Hilum, 208, 259 
Histogenic layers the 
separate merismatic layers > 
in a stratified growing 
point, 348, 359, 370 
Histology, 2 
Homodromous, 81 
Homosporous, 95 
Homotropous, 269 
Hypanthodium, 115 
Hyphae, 309 
Hyplial tissue, 309 
Hypobasal, 12 ' 

Hj pocotyl, 17, 266 I 

— course of bundles in, 376 [ 
Hypocrateriform, 168 j 

Hjpoderma, 309, 328 j 

Hvpogynous, 142, 175 
Hj popodmm, 63 
Ilypsopliyll, 99 I 


IMBRICAIF, 87 

— aestivation, 205 
'Imparipinnate, 59 
Imperfect fiowei, 137 
Included stamens, 178 
Incomplete flower, 131 
Indefinite inflorescence, 104 
Indeterminate inflorescence, 

104 

Induplicate, 88 
ludusium, 96 

— in Oupressineie, 96, 169 
Inferior calyx, 142, 192 

— ovary, 153, 192 
Inflorescence, 13, 97, 98 
Infra^axiUary, 61 
Infundlbuliform, 158 
Innate, 171 

Insertion the point at 
which the leaf is attached 
to the stem, 78 
Integumentum externum, 
209 

— luternum, 209 

— simplex, 209 
Intercellular space system, 

306 

Interfascicular cambium, 
351 

Internodes, 27, 51 
lotine, 180 

Intrastelar ground tissue, 
333 

Introrse, 170 
Inulln, 296 
Involucel, 101, 113 
Involucre, 101, 113 
Involute, 87 
Irregular flowers, 181 
Isogamous, 218 
Isomeroos, 129 
leostemonous, 133, 175 


Kabyokinesis, 297 
Keel, 158 
Kernel, 26S 


Labia !!•>, 152 
Lamina, 52 
-Lanceolate leaves, 71 
Lateral branching, 30 

— roots, origin of, 374 

— style, 199 
Latex 315 

Laticiferous tissue, 315 

— vessels, 316 
TLayering, 41 
Leaf base, 62 

— blade, 57 

' structure of, 303 

I — centric, 386 
i — dorsi-ventral, 383 
I — fall of, 381 
} — insertion of, 78 
I — iso bilateral, 385 

— spines, 88 

— tendrils, 89 

— trace bundles, 330, 357 
Leaflets, 69 

Leaver of Eucalyptus, 51 
Legume 260 
Leiiticel, 131 
Leucin, 295 
Leucoplasts, 277 
Lianas, 38 
Ligmn, 284 
Ligulate, 160 
Llgule, 66, 129 
Limb, 128, 155 
-Linear leaves, 71 
Lipped, 152 
Lobes, 60 
Loculicidal, 237 
Loculus, each cavity m the 
anther or the ovary, 189 
Locusta, 110 

Lomentaceous siliqna, 252 
Lomentum, 251 
Lunate, 73 
■-Lyrate, 68 
Lysigenous, 317 


Macropodous embryo, 265 
Macrospores, 95 
Maltose, 295 

Marcescent a term applied 
to a calyx or corolla which 
persists in the flower m a 
withered condition after 
fertilisation, 155, 165 
Marginal placentation, 194 
Masked, flo 

Median prolifleation 146 
Medullary sheath, 361 
— rays, 336 

secondary, 361 

Megasporangium, 96, 186 
Megaspore, 11, 95, 207 
Mericarp, 246 
Merismatic tissue, 304 
Meristeles the separate steles 
of a leaf which become 
continuous with the main 
stele of the stem when the 


latter is monostellc, 336, 
378, 380 
Meristem, 304 
Mesocarp, 234 

Mesophyll, the internal 
parenchyma of the leaf, 
384 

Mesopodium, 52, 56 
Metabolism the chemical 
changes connected with 
the life of the protoplasm, 
275 

Metamorphosis, 145 
MiceU® 278 
Micropylar arillus, 261 
Micropylc, 207, 269 
Micro^porangium, 96, 166 
Microspores, 11, 95 
Middle lamella, 284 
Midrib of leaf, structure of, 
381 

Mixed inflorescences, 123 

— panicle, 126 
Monadelphous, 176 
Monandrous, 176 
Moniliform root, 23 
Monochlamydeous, 165 
Monocotyledonous embryo, 

264 

— stem, mode of growth of, 

362 ( 

Monoecious, 165 
Monogynous, 186 
Monopodial, 32, 104 
Monopodium, 32 
Monostcle a term applied 
to the stele of the axis 
when there Is only one 
which 18 the direct cou- 
tinuation of the plerome, 
336 

Monostehc, 336 
Monotbalamic fruits, 256 
Morphology, 1 
Mucilage, 284 
Mucrouate, 70 
Multi foliate leaves, 78 
Multiple corolla, 163 
Muriform parench) ma, 307 


Napiform root, 21 
Nectaries, 129, 146, 317 
Nodes, 27, 61 
Nucellus, 207 
— naked, 208 
Nuclear spindle, 298 
Nuclein, 276 
Nucleolus, 276 
Nucleoplasm, 276 
'■•Nucleus, 274, 276 
Nuculanium, 248 
Nut, 244 


Obcobdatb, 73 
Obdiplostemony 133 
Oblique leaves, 71 
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Oblong, 72 
Obovate, 72 
Obsolete, 153 
Obtuse, 70 
Obvolute, 88 
Oohrea, 54 
Offset, 41 
OUs, 293 
-Oogonium, 222 
Oospbere, 14, 222 
Oospore, 10, 12, 222 
Open bundles, 342 
Operculate, 155, 181, 241 
Operculum, 241 
Opposite leaves, 79, 84 
Orientation the position of 
the wood and bast of a 
vascular bundle with rela- 
tion to the centre of the 
stele in which it occurs, 
340 

Origin of placenta, 196 
jOrthostichies the vertical 
lines that can be drawn 
down the stem, passing 
through the bases of 
several leaves, 81 
Orthotropous, 210, 258 
Ovary, 8, 97, 129, 186, 191 
Ovate, 72 
Ovule, 13^97, 207 

P ALA IE, 160 
Palea?, Ill 

— of receptacle, 10 1 
Pales, 111 
Palisade tissue, 384 
Palmate, 59, 62 
Palmated, 22 
Palmately veined, 66 
Palmatifld, 62, 69 
Palmatisected, 62 
Pandunform, 69 
Paisicle, 111 
Panioled corymb, 112 
Papilionaceous corolla, 167, 

206 

Papillse, 326 

Papillose having the 
external cells projecting 
slightly above the surface, 
388 

Pappose, 153 
P''ppuB,138, 163 
Parallel-veined, 64, 66 

— venation, 68 
Paraph 3 rEes, 226 
Parasites, 24 
Parenchyma, 806 
Parenchymatous, 6 
Parietal plaoentation, 199 
Panpinnate, 59 

Partial involucre, 101, 118 

— umbel, 118 
Partitions of leaf, 60 
Passage cell thin-walled 

cells occurring In a thick- 
walled endodermis, 370 

VOL. I, 


1 Pectic acid, 284 
Pectin, 284 
; Pectinate, 68 
I Pectoses, 278, 284 
I Pedate, 62, 69 
Pedatipartite, 62 
' Pedicel, 106 
i Peduncle, 106 
Peloria, 162 
Peloric flower, 146 
i Peltate, 62 
Pentagonal, 131 
' Pentastichoub, 81 
Pepo, 247 

Perennial, 21, 22, 38 
Perfoliate, 63 
Perianth, 97, 128 
Periblcm, 319 
Pericarp, 233 
Pericha'tium, 226 
Periclinal, 304 
Pericycle, 333 
I Periderm, 331 
Perigynous, 142, 175 
Penpherical embryo, 268 
' Pensperm, 263 
Permanent tissue, 304 
Persistent, 61, 165 
Personate, 160 
Petaloid, 128 
Petals, 128, 155 

— structure of, 388 
Petiole, 62, 66 

— of Cycas, 381 

— structure of, 379 
Phalanx a term applied to a 

number of stamens con- 
nected together by their 
fl laments, 136 
Phelloderm, 331 
Phellogen, 331 
Phlodm, 339 
Phragmata, 190 
Phj Hanes, 101 
Phylloclade, 42 
Phyllode, 67 
Piiyllopodlum, 62 
Phyllotaxis, 79 
Physiology, 2 

Piliferous layer of root, 320, 
370 

Fiiinte, 58 
Pinnate, 59 
Pmnatel^ vemed, 66 
Pmnules, 76 
Pistil, 128, 18f 
Pistillate flower, 97, 137, 166 
Pitchers, 89 
Pith, 342 

Placenta, 129, 185, 194 

— origin of, 196 
Flacentation, 194 
Plane of symmetry, 131 
PlaatidB, 274, 877 
Plerome, 319 
Plicate, 86 
Plumule, 16, 264 

Pod, 260 


Pollen grains, 18, 95 
size of, 183 

— sacs, 166 

— tube, 11 
Pollinia, 182 
Polhnodium, 222 
Polyadelphous, 178 
Polyarch root, 372 
Polychasium, 31, 119 
Polycotyledonous embryo, 

270 

Polyembiyony, 228 
Polygamous, 165 
Polymorphy, 9 
Polypetalous, 156 
Polypodia, 31 
Polysepalous, 140, 150 
Polystelic, 337 
Polythalaiuic fruits, 266 
Pome, 255 

Potential gametophyte, 215 
Prsefloration, 88, 203 
Praemorse, 45, 70 
Prickles, 325, 349 
Primary axis, 104 

— menstem, 304 

— root, 18 
-- w ood 344 
Primme, 208 

I Primordial utricle, 274 
I Pi ismatic leaves, 76 
Procambium, 336 
' Procarp, 226 
I Procumbent, 37 
Prosenchyma, 309 
Prosenchymatous, 6 
Prostrate, 37 
Proteids, 292 
Protliallus, 10 
Protophloem, 346 
Protoplasm, 8, 274 
Protoplasts, 272 
Protoxylem, 344 
Protruding stamens, 178 
Pseud axis, 31 
Pseudo bulb, 36, 47 
Pseudocarps, 232 
Pseudo parenchyma, 309 
Pulvinus, 63 
Putamen, 244 
, Pyramidal leaves, 76 
[ Pyxis, 252 

! QUADnI^ATE, 77 
I Quaternary, 131 
i Qmnary, 131 
I Quinate, 77 

I Quinouncial aestivation, 205 


Bacbmbs, 108 
Bocemose, 32, 104, 107 
Bachis, 105 

Badially arranged bundles, 
848 

Badiant flowers, 158 
Badical leaves, 78 
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Radxcal peduncle, 106 
Radicle, 16, 266 
Ramal, 79 
Raraenta, 32') 

Raphe, 210 
Rai^U^ arillus, 261 
Baphides, 293 
(Beato^ions pf cellulose, 284 
— 286 



Receptacle, 106, 146 
Recliuate ovule, 213 

— vci nation, 86 
Rectiscrial, 84 
Reduplicate aestivation, 204 
Regma, 247 

Regulai flowoi, 131 
Rejinenesceiice, 302 
Reniform, 73 
Replum, 190, 239, 252 
Resei\t matcnals, 287 
Resms, 293 

Reticuldted venation, 64 
Retinacula, 182 
Retioserrate, 67 
Retuse, 70 

Reversed raceme, 124 
Et volute, 87 
Rhipidium, 123 
Rhizome, 44 
Ribbed venation, 65 
Ringed bark, 356 
Rlngent, 160 
Root, 11 

— braiicliiug of, 374 

— cap, 18 

— hairs IH, 325 

— parasites, 25 

— stiucture of 13 
Roots of parasites, 24 
Rootstock, 44 
Rosaceous corolla, 157 
Rostellum, 183 
Rotate, 168 
Rotation, 276 
Ruminated albumen, 264 
Runciuate, 69 
Runner, 40 


SACCAit, 164, 162 
Sagittate, 7S 
Sal vei -shaped, 158 
Samaia, 246 
Saprophv tes, 26 
SapMOod, 365 
Sarcocarp, 233 
Scale bark, 366 
Scales, 28, 129, 325 
Scaly, 28 

— bulbs, 48 

— leaves, 90 
Scape, 106 
Schlzoi^p, 245 
Schiaogenous, 317 
Sohlzostely, 337 


I Schweizei s reagent, 284 
Sclerenchyma, 308 
I Scorpioid cyme, 122 
j — dichotomj , 32 
I — sympodium, 33 
( Scutellum, 265 
I Secondary meristem, 331 

— roots, 18 
Secmidiue, 208 
Seeds, 8, 11,14, 257 
Semi amplexicaul, 53 
Sepaloid, 128 
Sepals 128, 149 

— btnictui e of, 388 
Septicidal, 236 
Septifragal, 237 
Serrate, 67 
Serrulate, 68 
Sesstile, 56 

Shoot 11 
Shrubs 38 
Sieve plate, 31 ! 

I — tissue, llo, 3H 
' — tubes, 6, 313, 363 
I Silitula, 252 
j Siliqua, 252 
Simple leave-., 60 
Sinuatcd, 68 
Size of cells, 295 
I Sliding growth, 352 
' Solitary terminal flower, 116 
I Soredia, 93 
I Soiosis, 255 
I SoriiN 96 
, Spadix, llo 
I Spathaceoub tiact>, 10 * 

' Spathe, 102 
' Spathellee, 102 
Spathulate, 72 
Special motliei cells, 300 
I Spermatia, 220 
Sph®raphides, 294 
' Spike, 109 
' Spikelet, llo 
{ Spines, 43, 68 
' Spinous leaves, 88 
! Spiral ph>llota\i'', 144 

1 in Angiosperms, 144 

Spougj parenchyma, 384 
Sporangium, 4, 13, 94, 96 
' Spores the asexual repro- 
ductive cells borne upon 
the sporoph> te, 9, 94 
Sporogoiiium the part of 
i the moss and the liver- 
wort in w'aich the spores 
are developed It Is the 
sporophjte of the plant, 
; 96 

Sporophore, 97 
Sporophylls, 13, 96, 127, 166 
Sporophyte the plant body 
which produces spoios, 10, 
92 

Sporophyte of Algae, 215 
Spur, 164 

Spurious dissepiments, 189, 
1 280 


SpuriouN fruits, 232, 242 
Spurred calyx, 154 

— corolla, 162 
Squamae, 101 
Stamens, 97, 128, 166 
Stduur^^tc flowei, 97, 137, 

165 

Staminodes, 129, 139, 166 
Standard, 158 
Starch, 288 

— cellulose, 291 

— grains, 288 
Stele, 519,336 
Stem, 12 

— gamo&tehc, 337 

— mouostelic, 336, 348 

— pol\stelit, 337, 367 

— schizostehc, 337, 364 

— btiucture of, 318 
Stereome, 328 
Stigma, 129, 185, 202 
Sting, 327 

Stipe, 38 
Stipels, 6 5 
Stipitatc ovai\ , 192 

— pappus, 163 
Stipules, 53 
Stolon, 41 
Stomata, 322 

— distribution of, 324 
Stone flint 244 
Stone of fruit, 244 
Stratiflerl cell-wall, 281 
Striated cell w all, 281 
Stiobile 111 
Stroplnoles, 261 
Style, 129, 185, 199 
Stylopodium, 149 
Subtend a leaf is said to 

subtend the branch w Inch 
arises in its axil, 122 
Subulite leaf, 71 
Sucker, 41 

Superflcial placeiitation, 196 
Superior calyx, 152, 192 

— ovaiy, 142 163, 192 
Supervoliitc, 88 
Suppression iii the flowci, 

186 

Supra a\illai\, 51 
Suspensor, 228 
Sutural, 236 
Sutures, 169, 185 
■— of fruit, 234 
Syconus, 256 
Symmetncal, 131 
Symmetry of flower, 129 
Sympodial cyme, 121 
Sympodium, 31, 122 
Synangium, 207 
Syucarpous, 140, 186, 2^ 
Syngoneslous, 176 


Tap Rooi, 18 
Taxonomy, 2 
Tegmen, 260 
Tegmenta, 29, 54 
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Tela contexta, 308 
Tendrils, 43 
Terminal axis, 104 

— inflorescence 117 

Ternary, 130 
Ternate, 77 ^ 

Tertiarj roots, 19 
Testa, 259 

Tetr idynamou', 179 
Tetragonal, 131 
Tetramerous, 130 
Tetrarch root, 372 
Thalamus, 106, 146 
Thalloid shoots, 11, 12 
Tballoine, 4 
Tliallus, 4, 15 
Thoi n, 42 
Th> loses, 311 
ThMsus, 125 
Tigrellum, 16, 264 
Ti'-^'iic, epidermal, 318, 319 

— fibro \ascular, 318, 336 

— fundamental, 318, 327 

— ground, 318, 327 

— s\ stems, 318 

— tegumentary, 318 
Tissues, 304 

Toi u^, 146 

of boideied pit, 283 
Tiachede, 310 
Tiacheal tilssue, 309 
Tiacheid'', 309, 310 
Tiaiisfusioii tissue, 387 
Tiaiis\eise dehiscence, 240 
Trees, 38 
Tnadelphous, 178 
Triarch root, 372 
Trichogyno, 225 
Trichomes, 324 
Trigonal, 130 
Tumerous, 130 
Tripinnate, 76 
Tr‘ tichous, 81 
Ti ue arillu'*, 260 


Tiumpet hyphoe, 314 
Truncate, 70 
1 Trunk, 38 
j Tryma, 249 
Tuber, 46 
' Tubulai, 152, 158 
Tuuicat^ bulb, 48 
Tw igs, 30 
Twining stems, 37 
Twisted* vernation, 87 
Tjpicdl flower, 132 


Umbi l, 112, 120 
Umbellules, 113 
Undei shrub 38 
Undulated, 68 
Unguiculate, 155 
Unguis, 155 
Umjugate, 76 
Uniliteral raceme, 126 
Unhniug, 133 
' Urceolate, 162, 158 
1 Utiicle, 243 
I Utiiculai vessels, 315 


I YAcuoriN 274 
, Vahate, 87 

— asstivation, 204 

I Valves of fruit, 286 
Valvular dehiscence, 236 
, Vasoulai bundles, 319, 386 

— plants, 5 

— tissue, 309 
Venation, 63 
Ventral suture, 185 
Vernation, 86 

I Versatile anthers, 171 
( VeiticiUaster, 120 
j Vessel, 6, 309 
' Vessels, annular, 312 
I — dotted, 310 
, — pitted 310 


Ves'ils, reticulated, 312 

— scalariform, 312 

— spiral, 311 

dimensions of, 312 

Vexillary aestivation, 206 
Vexillum, 158 


Wasil products, 287 
Water gland, 387 
Wavy, 68 

Wax m cell wall, 286, 320 
Weeping stems, 39 
I Wheel shaped, 188 
I Whorl a number of leaves 
arising on a stem at the 
same node, 7^ 

Whorled leaves, 79, 84 
Wings of leguminous corolla, 
158 

Wood, 339 


I XYIIlM, 339 
1 — ceiitiipet il, 372 

I 

j Zoo( OPMUYiE a reproduo* 
1 tive body consisting of a 

I colonj or aggregation of 

naked cells or protoplasts, 
furnished with a luimbei 
of cilia, two to each cell of 
the colony 1 1 occurs only 

among the Siphouese, a 
division of the Algas, 278 
Zoogonidia, 271 
Zoospore, 95, 271 
I Zygomorphic, 131 
Zygospore, 219, 303 
Zygote the cell which is 
produced by the fusion or 
union of two sexual cells 
or gametes, 10, 92, 214, 
219 222 303 
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